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PREFACE. 


N the following Treatiſe is contained the whole 
buſineſs of Land ſurveying, in the manner ag 
is now practiſed by the moſt experienced artiſts ; 
together with ſuch problems and obſervations as 
are really neceſſary : And herein the ſubject is treated 
of in ſuch a plain, tho? conciſe manner, that the moſt 
common capacity, with a very little reflection, will 
readily conceive the whole; eſpecially if he has the 
inſtruments before him while he reads of their uſe: 
And although a great part of this work may be like 
what has been delivered by other writers, yet there 
is not one article relative to practice, but what the 
authors have drawn from their own experience. 
The reader will here find, after fome few intro- 
ductory problems, a very particular and exact de- 
ſcription of the ſeveral inſtruments uſed in ſurvey- 
ing, and a juſt compariſon of them together; par- 
ticularly the various ſorts of Theodolites: With 
due directions and cautions in their management, 
according to their ſeveral kinds, in order to prevent 
errors and miſtakes, as well in the taking obſerva- 
tions, and correcting them on the ſpot, as in plot- 
ting and laying them down in the draught. 
Alſo two very large examples, being parts of ac- 
tual ſurveys, containing moſt of the varict:es that 
can happen in the practice of this art; the one per- 


formed by the common Theodolite, the other by the 
f — 2 new 
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new improved I heodolite : The manner of keeping 
the field-book in a diſtinct and clear method is here 
ſhewn; how the obſervations and meaſures are to 
be plotted, and the contents of the ſeveral incloſures 
and pieces caſt up : Alſo in the courſe of theſe two 
examples, and other parts of the work, there will be 
met with, every caution and direction that can any 
way contribute towards the ready diſpatch and ac- 
curacy of the practitioner, not only with regard to 
the field work and plotting, but allo in the drawing, 
colouring, and ornamenting of the map. 

The new improved Theodolite is herein explain- 
ed in its parts and uſe; allo its application to water 
levelling, taking of heights, and drawing in per- 

ſpectiwe, are diſtinctly and clearly treated of. 
In the account of the Meaſuring-Wheel, Univer- 
ſal-dial, and Pantographer, the reader will ſee ſome 
particulars very uſetul and intereſting ; but, as there 
is anntxed a copious table of contents, it will be 
needleſs in this place to inſiſt further on any of the 
articles contained therein. | 
The major part of this work was originally com- 
poſed by that ingenious artiſt Mr. Sam. CunNn ; but 
tor fome reaſons he let it appear under the name of 
Joun HammonD, who was a clerk to his friend Mr. 
CHARLES BRENT. T he ſecond edition of this book 
was under the care of Mr. Sam. WARNER, a perſon 
well known for his skill in the buſineſs of ſurveying ; 
he added an appendix, containing a more particular 
deſcription of the Improved T heodolite, with a new 
method of uſing it in taking obſervationsin the field ; 
whereby an error may be morereadily diſcovered and 
prevented than by any other way hitherto uſed; with 
an example of the fieid-book of part of an actual 
ſurvey taken thereby. Likewiſe a full explanation 
of the manner of laying down thoſe obſervations 
from one center, 1o as to avoid the faults which ariſe 
from protractivg angle by angle, As alſo how ig 
2 reducg 
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reduce irregular figures to triangles, with the appli- 
cation thereof in the caſting up the contents of the 
fore- mentioned example. This appendix is now put 
into the body of the work, part being in Section I, and 
of the reſt is compoſed the VIIIth Section. In the 
preſent edition, the former order of the ſubjects are 
varied, the reviſer thinking the order they now ap- 
pear in to be better: But beſides this change, there 
are a very conſiderable variety of corrections, alte- 
rations, and additions; for the XI Vth and XVIth 
Sections are not only added, but there are introduced 
into the work, many articles not in the former edi- 
tions, and which were now thought very neceſſary 
to be communicated: Notwithſtanding which, the 
bulk of this book is not increaſed above the former; 
tho* the preſent contains near three ſheets of matter 
more than was in the laſt; which has been effected by 
making the page both broader and longer. Alſo the 
figures which in the former impreſſions were in four 
ſmall plates, indifferently deſigned, and as ill refer- 
red to, are in this brought into one plate, and ren- 
dered more uſeful. 

It may be proper to obſerve, that ſome of the no- 
tions in Section XIV were drawn from a little book 
of Martin Maſter, publiſhed in 1661: And part of 
the X VIth Section, is a tranſlation from a French 
piece publiſhed by C. Langlois, an engineer to the 
French King, who pretends to no more than to have 
perfected an inſtrument of this kind already known; 
and, indeed, among the inſtruments of Sir Jonas 
Moore, ſuch a one was found, but ſomewhat more 
antique and inconvenient than that which is now pro- 
poſed: But M. Langlois not having given a table of 
the lengths of the ſeveral diviſions from their reſpec- 
tive centers, nor how they are to be found, it was 
thought proper to add theſe articles to compleat the 
account of the Pantographer. 

Feb 18, Jo R. 
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Note, The enſuing directions having been omitted 
in their proper places, it was thought W e to 
annex them in this place. 
In the beginning of the field-book it will be pro- 
per to write ſome ſuch title as the following 
The Field · book, containing obſervations and di- 
menſions taken in the ſurvey of the manor of. 
in the pariſh. of in the county of——; belong - 
ing to "Surveyed in the months of —— in 
the year——by- and the following aſſiſtants, VIA, 
A. B. of the pariſh of- —labourer. 
C. D. — 
Sc. 
Specifying their names, places of abode ace occu- 
pation; and at the beginning of each day, write the 
day's name, day of the mom and hour; alſo at the 
end of each day's work write the hour; and, if there 
ſhould be occaſion to change any of the alſiſtants, 


or have new ones, let this be alfo inſerted, with the 


day : For ſuch obſervations may be of ſervice. in 
caſe the ſurveyor ſhould, on any account relating to 
the premiſes, be called on to give his teſtimony. 

In drawing out the Terrier of a ſurvey, a diſpo- 
fition, ſomewhat like the following, may be found 
convenient. In ſix columns, titled No, Kind, Names, 
Proprietors, Tenants, Quantity; write 

iſt, The number referred to in the map, if the 
ſeveral pieces therein are numbered, 

2d, The kind, whether arable, paſture, meadow, 
wood, garden, houſes, yards, water, Sc. 

3d, The name that the piece is known by. | 
4th, The name of the lord of the manor, or 
other perſon, to whom the e belongs, whether 
in fee-ſimple or copy- hold. 

Sth, The name at the tenant who rents, pr oc- 
cupies the piece. 

prh, The quantity that piece contains, in acres, 


: pods, and poles, 


S checke ce cke cee hoher hohe cc bobchthbthobob 
FFC 


CONTENTS. 


G 


F menſuration in general, with the moſt neceſſary geo- 
metrical problems. | page I 
Viz. To draw perpendicular lines. 3, 4 

| To biſect lines. „„ 4 
To make equal angles. 2 | 5 
Ta draw parallel lines, 5, 
To divide right lines into many equal parts. 6 
To make equal raght-lined figures. 
To reduce irregular figures to triangles. 5 
SECT. 
Of inflruments uſed in ſurveying of laud, IL 
SEE Ei 
To obſerve the poſition of a line by any of the preceding 
inſtruments. 14 
Firſt, By the Circumferentor. ibid. 
To try if a needle plays well. "mg 
To protract any line, whoſe bearing is taken by 
the Circumferentor. | 17 
Secondly, To obſerve with a Theodolite, both by the 
limb, and by the box and needle. 18 
To correct the angles and bearings, before 
the inſtrument is removed, 19 
To plot, and therein to diſcover and correct 
an error before it is communicated to the 
olloting part of the work. 25 
Traverſe tables, uſeful in ſurveying. 28 
Thirdly, To obſerve with a ſemi=circle, that has a box 
and needle. | 30 
Fourthly, Of the peractor. ibid, 


Fifthly, Of the plain table, 8 31 


The CONTENTS. 
Toy take a plan by the plain table. 32 


- FAS Sixthly, Of woorking with the chain. | 535 
F * * 2 Her Hoff. | bbid. and 52 
1 F the arrows. N | ibid. 
1 70 take the poſition of lines by the chain. 38 
3 To plot ſuch poſitions. 40 
7 K. To find the potion of a meridian line. 41 
| | C T. TY. 
| g To caſt up the contents of land; with the method of re- 
| ducing irregular curves to ſtrait lines. 42 
r 
Of the laying out, or dividing of land. 46 
Firft, By a line parallel to one fide. ; 209. 
Secondly, By à line drawn from one angle. 50 
Thirdly, By lines drawn from any point within. © HS 
r. | 
The uſe of the common Theodolite, exemplified in ſurvey- 
ing of ſeveral parcels of land lying together; with 
the form of a field-book., 52 
How off-ſets are to be taken. | „„ 
T3 diſcover errors cauſed by the loſs of arrows, 5 
To correct the obſervations of poſition. | 57 
To mark @ ſiation, ſo as to find it again. or 
Of the allowance for aſcents and deſcents. 65 
Neceſ/Jary cautions. 66 
The fie.d-book. | 68 
. | 
To protract the obſervations contained in the preceding 
Feld- book. e 87 
Jo prevent errors in plotting. 90 
Ma articles fhau'd be inſerted in plans. 93 
To make a fair pian from the rough draught. 94 


2.6 CT. VIL 


Of @ new, certain, and expeditious method of ſur vey- 
ing and plotting by the Theodilite, as now improved. 95 
Cauſes of the lines of a draught net cleſin g. ibid. 
The improved Iheodolite deſcribed. | 97 
To e6jerve with this Thecdolite. | | 
£rein-brok of part of an attual fury performed by 


0, 7 » 7 
F218 7 rument. 102 


Hotu 


=, 


The CON TENT.S- 


How the obſervations aud meaſures in this feeld-beok gh. 


Are protracted. ; 112 15 
The caſting up the contents of this furviy i in ſporitt F< 
pieces, and in one piece. | | 116 
3 0 
07 Roan of ſhoals and ſands by help wa the new. 
Theodulite, £ 119 
S | 
Of water levelling, or the conducting of water, 122 
To adjuſt the level. ww = 
Zo uſe tha level.” YE WS + 
Neceſſary ater, | 126 
Table of allowances for the curvature of the earth, 128 
C., KL, 
& colours and pencils. | | 130 
0 T. XII. 


Al further uſe of the Tbesdolite (as now improved) , con- 
Jointly with the uſe of a fliding-rule aptly divided; to 
. meaſure timber either round or hewn to a ſquare, or 


uncqually ſquared ” 2 how to allow for aſcents and 


deſceuts, by finding the horizontal lines. 127 
the notation of the ſliding rule. ibid. 
To meaſurs planks. 138 
To meaſure round timber. 139 
8 meaſure ſquare timber. | 145 
o meaſure parallelopipeds. I49 
To meaſure tha height of 8 timber by the 2 
{i 2 150 
To find the hor izantal lines in  ſoping ground, 151 


SE C T. MAL 


The wſe of the Theadolite in drawing the perſpectiue 
appearance of any building without meaſuring one 
Angle line. 152 
Firſt, When the picture is parallel to one of the fronts. 153 
Neceſſary theorems in per ſpective. 155 
Secondly, V ben the picture ſtands againſt an angle of 
the building, oblique to twa adjoining fronts. I57 


1 SECT. 


oft The CONTENTS. 
er. 
The deſcription and uſe of the Perambulator, of Mau- 


e F 159 
o find the diſtance run by the wheel. 160 
How this inſtrument may be made to do the buſineſs 7 
ſurveying inſtruments, with its advantages. 161 
. 
The deſcription and uſe of the Univerſal Dial, and of 
the variation of the compaſs. 15 164 
o the pedęſtal of the dial. 165 
F the meridian, equinoctial and bridge. 166 
In a known latitude, on a given day of the month, to 
find, Firſt, The hour of the day. 167 
Secondly, The poſition of the meridian. 168 
Thirdly, The paſition of the Pole. ibid. 
Fourthly, The variation of the needle. | ibid. 
Fifthly, The Sun's azimuth. ibid. 
Sixthly, The San s altitude. | ibid. 
To find the declination of a wall. ibid. 
To apply this dial to a Theadolite, 170 


To find the latitude of a place by the common Theodulite. 171 
ECT. Ev 


The deſeription and uſe of the Pantegrapher, or 


Imitator. 8472 
Ta 4e the Pantographer. 174 
Of the different parts of the inſtrument. | 176 
To compute the diſtances of the diviſions from their re- 

ſpective centres. 180 


Eight plates, 


Da. 
1 - <4 
FS 
x20 
Wn * 
N 


-. 
. L * 4 gy" ® 2 
1 8 we. 
i i M. 
n | * 
* A T 5 R 
w If N 
* 7 — * 
* — - 
- os o 1 v - dy) 4 P . 
2 * 4 - 4 
N — — / 
o + . 5 4 44 
7 — 2 2 
— - = — — 
— 3 6 "- 
5 y SE - N 8 8 : 
= = N 22 5 
%. 22 > = & — 1 ON : 
p 5 Fo " — 2 2 bf P 
a 2 AM } * 
— KY 7 


Ne 1 
11 


Practical Surveyor. 
#3 > Sd&Wb fa d&K&S&tbS&&L& & 


SECT L 


Of MexnSURATION in general, with the meſt 
neceſſary GEOMETRICAL PROBLEMS. 


O Meaſure, in the general ſenſe that 
A Geometricians uſe the word, is, to 
Wd aſſume any certain quantity; and ex- 
preſs the proportion which other ſi- 
milar quantities bear thereto : But 
in the common acceptation, to Mea- 


ſure, is, to apply ſome certain known quantity 
pitched upon for a ſtandard, and thereby to deter- 
mine the preciſe extent, quantity or capacity of any 
thing of the ſame kind. Thus: 1 
The meaſure of a line is found by applying the 
lineal Inch, Foot, Yard, Pole, Sc. to that line, in 
3 order 


2) 
ofder to diſcover its RE, the doing of which i is 
called Longimetry. 


The Meaſure of a ee is FRE by the 
application of the ſuperficial or ſquare Inch, Foot, 
Yard, Pole, Acre, Sc. thereby to determine. Its 
Area or Content; the method of doing which 1s 
called Plainimetry, whereof Surveying of land. is a 
part; and of this the following pages chiefly treat. 


The Meaſure of a ſolid is had by comparing it 
with the ſolid or cubic Inch, Foot, Yard, Gallon, 
Sc. thereby to find its capacity or ſolid content, 
which is called Stcreometry, and comprehends the 
meaſuring of Timber, Stone, Oc, 


Now, though it cannot be ſuppoſed that any Per- 


ſon, who is wholly ignorant of the firſt principles of | 


Geometry, ſhould expect to become a compleat Sur- 
veyor by barely reading this Book, whence it might 
ſeem altogether unneceſſary to inſert the common 
Definitions and Problems; yet, in order to refreſh 
the reader's memory, when other Books are not 
at hand, it was thought not improper to lay down 
ſome few of the moſt popular Problems; and ſuch 
are thoſe that follow. 
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(3) 
PROM £ 
Upon a given right line, to erect another right line, 
which ſhall be perpendicular to the right line given. 
H E right line given is AB (Fig. 1.) upon 
| which, from the point E it is required to erect 
the perpendicular EE. . 
Opening your Compaſſes at pleaſure to any con- 
venient diſtance, place one foot in the aſſigned 
point E, and with the other make the marks C and 
D, equi-diſtant on each ſide the given point E. 
Then opening your Compaſſes again to any other 
convenient diſtance, wider than the former, place 
one foot in C, and with the other deſcribe the Arch 
GG ; alſo (the Compaſſes remaining at the ſame di- 
ſtance) place one foot in the point D, and with the 
other defcribe the Arch FF: Then from the point 
H, where theſe two Arches interſect or cut each 


other, draw the right line HE, and it will be a Per- 
pendicular to the given right line AB; which was 


the thing required to be done. 


PRO B. It. 


Jo erect a perpendicular upon the end of a right 


line given, 
ET AB (Fig. 2.) be a right line given, and 
from the end thereof, at B, let it be required 


to erect the Perpendicular BF. 


Firſt, Your compaſſes being opened at any con- 
venient Diſtance, place one foot in B, and with the 
other make the mark C; the Compaſs point reſting 


| z in C, with the other foot make th- mark D. in the 
given line AB; lay a Ruler from D to C, and 


draw the line DE, making CE equal to CD. Laſtly, 


from B, through E, draw the line BF, which wilt 
be the Perpendicular required. 


B 2 N 


(4) 


PROB. III. | 
fo divide a given right line into two equal Parts, 


ET CB (Fig. 3.) be a right line given, to be 
divided into two equal Parts. 


From the extremes B and C, with any diſtance 
greater than half the given line, deſcribe the arches, 
above and below, cutting one another in the points 
D and F: Draw DF, and it will divide AB into 
two equal parts in H, as required. 


NO 


To let fall a Perpendicular from any Point af- 
fiened, upon a right line given. 


Ex the point given (Fig. 4.) be C, from which 
point it is required to draw a right line, which 
ſhall be perpendicular to the given right line AB. 


Firſt, From the given — C, to the line AB, 
draw an occult line at pleaſure, as CE, which divide 
into two equal parts in the point D: Then placing 
one foot of the compaſſes on the point D, with the 
diſtance DC, deſcribe the Semicircle CFE, cutting 
the given line AB in the point F. Laſtly, from 
the point C, draw the right line CF, and it ſhall be 
the perpendicular to the given line AB, which was 
required. | 


PROB. 


(5) 


RR OA Y. | 
To make an angle equal to an angle given, 


13 T the angle given be ACB (Fig. 5.) and let 
it be required to make another angle equal 


thereunto. 


Firſt, Draw the line EF at pleaſure ; then on 
the angular point C, as a center, with any conve- 
nient diſtance deſcribe the arc AB, between the 
legs of the angle given; alſo upon the point F, 
with the ſame diſtance deſcribe the arc DE : 1 hen 
take with your compaſſes the diſtance AB, and ſet 
the ſame diſtance from E to D. Laſtly, Draw the 
line FD, ſo ſhall the angle DFE be equal to "the 
given angle ACB. 


PROB. VI. 


At a given Diſtance, to draw a right line pa- 
rallel to a right line given. | 


E T the line given be AB, (Fig. 6.) unto which 
it is required to draw another right line n 


at the diſtance MN. 


Firſt, Open your compaſſes to > the diſtance MN, 
then placing one foot in A, with the other deſcribe 
the arc C; alſo place one for i in B, and with the 
other deſcribe the arc D, Laſtly, Draw the line 
CD, ſo that it may only touch the arcs C and D; 
ſo ſhall the line CD be parallel to the line AB, 


and at the diſtance MN, as was required, 


B 3 PR O B. 
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1 PR OW FI 

A right line being given, to draw another right 

line parallel thereunto, which ſhall alſo paſs 
through a point aſfigned, | 


ET AB (Fig. 7.) be a line given, and let it be 
required to draw another line parallel thereunto, 
which ſhall paſs through the given point C. 

Firſt, Jake with your compaſſes the diſtance 
from A to C, and placing one foot thereof in B, 
with the other deſcribe the Arc DE; then take in 
your compaſſes the diſtance AB, and placing one 
foot in the point C, with the other deſcribe the Arc 
FH, croſſing the former Arc DE in the point H. 
Laſtly, Draw the line CH, and it ſhall be parallel 
to A8. | Fes. | 

Theſe two laſt PROBLEMS may he mare eaſily performed 
by a parallel Ruler. | 


8 PR O B. VII. 
To divide à given right line into any number of 
equal parts, | 


T ETAB(Fig. 8.) be a right line given, and let 
1 it be required to divide the ſame into five equal 
arts. 
5 Firſt, from the end A of the given line, draw 
the line AC, making any angle ; then from the 
other end B of the given line, draw the line BD 
arallel to AC, (or make the angle ABD equa! to 
the angle CAB) then upon the lines AC and BD, 
ſet off any four equal parts (which is one leſs than 
the number of parts into which the line is to be di- 
vided) on each line, as 1, 2, 3, 4; then draw lines 
from 1 to 4, from 2 to 3, from 3 to 2, and from 4 
to r, which lines, crofling the given line AB, ſhall 
divide it into five equal parts, as was required. 


PR G B, 


(7) 


p RO B. IX. 


Any three right lines being given, provided the 
tawo ſhorteſt taken together be longer than the 
third, to make thereof a triangle. 


ET it be required to make a Triangle of the 
IL three lines C, B, and A, (Fig. 9.) the two 
ſhorteſt whereof, viz. C and B taken together, are 
longer than the third line A. 


Firſt, Draw the line DE equal to the given line 
B, then take with your compaſſes the line A, and 
ſetting one foot in E, with the other deſcribe the 
Arch HG ; alſo take the given line C in your 
compaſſes, and placing one foot in D, with the 
other deſcribe the Arch KF, cutting the former Arch 
HG in the point O: Laſtly, if from the point O, 
you draw the lines OE and OD, there will be 
formed the Triangle ODE, whoſe ſides ſhall be 


equal to the three given lines A, B, C. 


In like manner, a Triangle inn may be made equal 
to another given Triangle LMN. See Fig. 10. 


Alſo any rectilineal figure abcdefg, is made equal 
to any other rectilineal Figure ABCDEFG, by mak- 
ing the Triangles abg, bgf, bfe, hee, ced, reſpectively 
_ equal to the Triangles ABG, BGF, BFE, BCE. 
CED. See Fig. 14, n | 
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To reduce any irregular Figure into a Triangle, 


By this Problem the content of any irregular piece 
of land may be caſt up much ſooner and more 
accurately than by the common method of di vi- 
ding it into Trapezia and 7. rrangles. 


H E practice hereof depends wholly on the 

37th Prop. of the firſt Book of Eucrip, 
where it is demonſtrated, that Triangles ſtanding on 
the ſame baſe, and being between the ſame parellels 
are equal one to the other. 


EXAMPLE IL 


Let it be required to reduce the Trapezium 
ABCD, Fig. 12. into a Triangle, haying its Vertex 
at the Angle A. 

Produce e the baſe BC, and draw the diagonal AC, 
thro* D draw DE parallel to AC, till it meet BC in 
E, join AE and ABE will be the Triangle required, 

Fig. 13. ſhews how in like manner to reduce a 
Erapezium having a re-entring angle. 


EXAMPEE I 


Let it be required. to reduce the Trapezium 
ABCD, Fig. 14. to a Triangle whoſe vertex ſhall 
be at the point E in one of the ſides AD. 

Join BE and CF, draw AF parallel to BE, and 
DG parallel to CE, "Gill they meet the baſe BC pro- 
. in F and . draw the lines EF and EG, 
and the triangle F EG will be equal to the J rape- 


zium given. 


* This Problem and its Examples, are a Part of Mr. 
FFarier's * to the laſt ene of this Work. 
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EXAMPLE III. 


Let it be required to reduce the Pentagon 
ABC DE, Fig. 15, to a Te having its ver- 
tex at the Angle A. 

Produce the baſe CD both ways, and draw the 
Diagonals AC, AD: Through B draw BF parallel 
to AC to cut CD in F, and through E draw EG 
parallel to AD to cut CDin G , Join AF and AG, 
and AFG will be the Triangle ſought. 


EXAMPLE IV. 


Let it be required to make a triangle equal to 
the irregular Hexagon ABCDEEF, and let the ſide 
AB be one fide of the triangle, Fig. 16. 

Produce the fide DE, join AH, and parallel 
thereto through F draw FH to meet DE in H; 
join BD, and parallel thereto draw CG to meet 
DE in G; by B. and G draw out a right line; 

oin AG, and parallel thereto through H draw 
HI to meet BG produced in I, draw Al, and 

ABI will be the triangle required. 


EXAMPLE V. 


To reduce any right-lined Figure given into a 
triangle; as ſuppoſe the ſeven- ſided Figure 
_ ABCDEFG, Fig. 17. 

Firſt draw BD, and its parallel CK ; then if 
BK be drawn, it will cut off from the Figure the 
triangle DKS, and will take in the triangle BCS 
equal thereto, and the ſide BK will ſupply the uſe 
of the two ſides BC and CD. Alfo, draw GE, and 
its parallel FL; then if GL be drawn, it will cut 
off trom the figure the triangle LRE, and take in 
the triangle GRF equal thereto, and the ſide GL, 
will ſupply the uſe of the other two ſides GF and 

FE, 
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FE, and the whole Plot ABCDEEFG, conſiſting 
of ſeven ſides, is reduced to the five-ſided figure 
ABKLG, yet ſtill retaining the ſame quantity. 


Now to reduce this plot into a triangle, work in 
all reſpects as in the Third Example. Firſt, pro- 


duce the baſe both ways, then draw the lines AK 


and AL; and parallel to them the lines BH and 
GM, cutting DE extended in H and M. Laſtly, 


draw the lines AH, AM, and they will conſtitute 


the triangle AHM equal to the right-lined figure 
given. | 1 8 


In like manner may any other irregular figure of 
ever ſo many ſides be reduced to a triangle, and 
that very readily by uſing a parallel Ruler, whereby 
we avoid drawing the unneceſſary lines, only 


marking their interſections on the baſe. Thus in 


Fig. 18. lay the edge of a Parallel Ruler to the 
points B and D, then open the Ruler till the ſame 
edge cuts the point C, and mark where it interſects 
the baſe DE at k; lay the Ruler again to the 
points k and A, transfer it to B, and mark its in- 
terſection on the baſe at h; then draw A h, which 
will be one ſide of the triangle ſought. Again, 
laying the Ruler to E and G, transfer it to F, and 
mark the interſection on the baſe at l, lay the Ruler 


to | and A, and mark where its parallel edge by 
t& interſects the baſe prolonged at m. Laſtly, 


draw A m, and the triangle A h m will be equal 10 
the ſeven ſided figure as was required, | 


SECT. 
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SECT. II. 


of INSTRUMENTS uſed i in ſurveying Land. 


NSTRUMENTS uſed in ſurveying are either 
J to meaſure, or lay down the lengths of lines, 
| or their poſitions. 

The. moſt proper inſtruments for meaſuring 
lengths, in towns, ſtreets, or any other buildings, 
are 5 feet and 10 feet rods, and a chain of 50 feet 
long; for fields and woods, a chain, which from 
its contriver, is uſtally called GuNTER's Chain, 
and is in length 66 feet, or 4 poles, conſiſting of 
100 links, each containing 7 inches and = and 

rod called an OFFSET-STAFF, whoſe length is 
equal to s part of the chain; that is, 10 links, or 
6 feet 7 inches and i tho* ſometimes this rod! is 
15 links in length, or 9 feet 10 inches and . 

The wheel is 5 uſed with moſt advantage in mea- 
ſuring of roads. 

The inſtruments uſed for taking the poſitions of 
lines, are of two kinds. 

With ſome we take the poſition of a line by 
the angle which that line makes with the meridian, 
uſing a box and needle; as with the Theodolite, the 
Semicircle, the Circumferentor, the Plain-Table, 
the Perambulator, the Peractor, Fc. and this is 
uſually called the Bearing of the Line. 

With others we take the poſition by the angle 
that the line makes with any other given line in po- 
ſition ; as with the limb of the Theodolite, the * 

0 


112 
of the Semicircle, the frame of the Plain-Table, 
the Bevel, the Chain, or Rods. 


All other inſtruments either differ from theſe 
only in their names, or elſe are contained in them. 


But with ane of theſe inſtruments, very con- 
veniently we take the poſition in both caſes, at 
one obſervation; as with the Theodolite, the 
Semicircle, or the Plain-Table. 


With ſome of theſe inſtruments we take the 
angle itſelf, as with the Bevel, or with the Plain- 
Table covered with a ſheet of paper; and with 
others, we expreſs the relative quantity of that 
angle by numbers. So when we ule the chain, we 
expreſs the angle by Sextants, Links, and tenth 
parts of a Link; when we uſe Rods, we expreſs 
it by Sextants, and centeſimal parts of a Rod, and 
when we uſe other inſtruments, we expreſs the 
angles by degrees and minutes. 


We may alſo obſerve, that of Theodolites and 
Semicircles there are various kinds ; in ſome the Box 
and Needle is fixed to the Plate, in others to the 
Index. And the working with each of theſe varies 
according to the manner of their numbering. 


As for Roads, the wheel with its indices, ſhew⸗- 
ing the diſtance, and its box and needle with ſights 
ſhewing its bearing or poſition in reſpect of the 
Meridian, is an inſtrument ſpeedy and ſufficiently 
exact; provided we reject the breadth of the road, 


and only regard the bearing and length, 


_ Laſtly. 
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Laſtly, Inſtruments for plotting are a ſcale deci- 
mally divided the whole length, cloſe to both the 
edges; and at every tenth diviſion numbered 
o, 1, 2, 3, 4, &c. denoting chains; the Number- 
ing ſo ordered, that we may count either from the 
Right to the Left, or from the Left to the Right; 
and a Protractor always to be divided, numbered, 
and fitted according to your inſtrument. 


Thus, all Circumferentors, (either abſolutely ſuch, 
or only uſed as ſuch, viz. when contained in the 
Theodolite, Semicircle, or Plain-Tatle) tet the 
numbers in the Protractor increaſe contrary to thoſe 

in the box; but when the box and needle take 
the bearing, as the Peractor or Perambulator doth, 
the numbers cf the Protractor muſt increaſe as 


thoſe in the box. 


And for the limbs of all Theodolites, Semircles, and 


Plain Tables if the circuit be made — to 


the numbers on the limb, the numbers of the Pro- 


tractor moſt conveniently increaſe thek 
| fame - 


way with the numbers on the limb of the inſtru- 
ment, and this ſuppoſing the eye 1n the center. 
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To obſerve the Peofition of a Line by any of the 


preceding Jnſtruments. 
I. By the Circumferentor. 


THE box of the Circumferentor is divided 

into 360 degrees, and numbered in four 
quarters, from the North and South both to the 
Eaft and Weſt, by the figures 10, 20, 30, 40, 50s 
60, 70, 80, go; but theſe diviſions are alſo num- 
bered from the North towards the Eaſt or Weſt, 
all round, till they end at the North again; by the 
figures 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 


and ſo on to 360. Of theſe two ways of number- 


ing, the latter is properly the Circumferentor, and 
the former the traverſing Quadrants or quarters. 

Now, if it be required to obſerve the bearing of 
the line AB (Fig. 19.) the inſtrument ſtanding at 
A; the flower-de-luce in the box being towards 
you, direct the ſights to B; and the South end of 
the needle will point at 207 degrees in the Circum- 
ferentor, and at S. W. 27, in the traverſing; 
Quadrants. 

And if you were going round the field, and ſa 
next to obſerve the bearing of the line BC; at B 
turn the index about, the flower- de- luce being to- 
wards you, till thro* the fights you ſee the hair cut 
: Then wilt the South end: of the needle point at 


9 111, 
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111, in the Circumferentor, (which is the beating 
always counted from the North, and in theſe 
Examples from the North to the Eaſtward) and at 
S. E. 69 in the traverſing Quadrants, which is the 
bearing always counted from the North or South 
towards the Eaſt or Weſt. Here we may note, 
that the bearing taken with the Circumferentor 
may be any number of degrees not exceeding 360, 
but that with the traverſing Quadrants never ex- 
ceeds ninety degrees. 

When you ſuſpect the needle does not play well, 
direct the Index to your mark, and note, in a waſte 
piece of paper, the degrees pointed at by the 
needle ; then with a clean knife, or a key, or any 
other poliſhed bit of Steel, which has touched a 
Loadſtone, move the needle, by applying it to the 
Box, and when it has ſettled again, examine what 
degree it then points at, your index being ſtil! di- 
rected to the preceeding mark; and if the degrees 
are the ſame, they may be entered into the Field- 
book; but if not, the cap and pin muſt be cleanſed 
with ſome brown paper, and a little puttey or 
whiting, and thereby freed of ſuch duſt or dam 
neſs as hath gotten to it; if, after all, the needle doth 
not play freely, ſcrew in a new pin, or uſe another 
needle, or do both. Theſe neceſlaries every Sur- 
veyor ought to have in his pocket while he is in 
the field. 

If you ſuſpect an error in the bearing of any 
line already taken, ariſing from the needles being 
acted on by ſome hidden magnetic power, or from 
your own miſtake in obſerving the degrees pointed 
at; the doubt may be cleared, and the error cor- 
rected at the next ſtation ; thus, | 

Having come to B (Fig. 19.) the flower-de-luce 
being from you, look back to A, and then will the 
South end of the needle point at 207 degrees in 

the 
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the Circumferentor and at S. W. 27 degrees in ths 
traverſing Quadrants; juſt as it did at A. 

Laſtly, If you have no reaſon to ſuſpect the 
needle, and it is moſt convenient to plot by it, the 
ſpeedieſt way is to place the inſtrument only at every 
other angle. and there to take the bearing of the 
two lines which form that angle. 

So, if you would obſerve the bearings of the 
lines of fig. 19, firſt place the inſtrument at B, and 
with the flower-de-luce from you, direct the ſight 
back to A, ſo the South end of the needle will 
point at 207 degrees in the Circumferentor, and 
at S. W. 27 degrees in the traverſing Quadrants, 


which is the bearing of AB; then with the 


flower-de-Juce next you, direct the ſights to C, 10 
the South end of the needle will point at 111 de- 
grees in the Circumferentor, and at S. E. 69 de- 
grees in the traverſing Quadrants, which is the 
bearing of BC. 

Now place the inſtrument at D, the flower- de- 
luce being from you, direct the lights back to C, 
ſo the South end of the needle will point at 44 deg. 
30 min. in the Circumferentor, and at N. E. 44 
deg. 30 min. in the traverſing Quadrants, which is 
the bearing of CD; and directing the ſights to E, 
the flower-de-luce being towards you, the South 
end of the needle will point at 102 deg. 15 min. 
in the Circumferentor, and at S. E. 47 deg. 45 
min. in the traverſing Quadrants. 

In like manner work at F, Fc. always keeping 


the flower- de- luce from you when you look back- 
wards, and towards you when you look forwards, 


ſo will the South end of the needle point at the 
degrees of the bearing in both caſes. 


* 
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Fo brand any bor whoſe ke 5 taken 5 
be Circumferentor. | 


\] R ST, draw lines parallel to-one e another « quite 
thro? the deligned draught, at diſtances not ex- 
erding the breadth of the diametrical part of your 
Protractor, as in fig. 19. and mark them with N. 
and S. for north and ſouth; then lay the center 
of the Protractor on A, the point given repreſcnt- 
ing the ſtation A in the field, and, by help of 
the diviſions continued beyond the ends of the di- 
ameter of the Protractor, lay the diameter parallel 
to thoſe north and ſouth lines; and if the Pro- 
tractor be only a Semicircle, lay the beginning of 
the numbering northwards; when the degrees are 
fewer than 180, but ſouthwards when more : the 
Protractor being thus placed, make a mark cloſe to 
the limb againſt 207, the degrees of the bearing, 
and thro? it draw the line AB; and fo will AB have 
a bearing like to that, which you obſerved the line 
AB to have in the field. In like manner you may 
lay down the bearing of any other line, as BC; if 
you obſerve to lay the beginning of the numbering 
northwards, when the degrees are leſs than 180, 
and ſouthwards when more: but if the Protractor be 
a whole circle; there will be no occaſion for turning 
the beginning of the numbers, which may always 
be northwards. 15 

And if you would lay down the bearing of any 
line AB, fig. 19. from any aſſigned point "A. with 
the traverſing quadrants after you have drawn 
north and ſouth lines as before, the north being 
upwards, write eaſt on the right hand fide of the 
map, and weſt on the left. Now lay the center 
of the Protractor and diameter as before ſhewn ; 
fave that inſtead of obſerving the number of the 


degrees, you turn the limb of the Protractor eaſt- 
| G ward, 
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ward, when the bearing is N. E. or S. E. and welt- 
ward, when it is N. W. or S. W. * 

The Protractor being thus placed, n J W. 
27. make a mark, and thro' it draw the line AB, 
and ſo will AB have a bearing like to that which 
AB was obſerved to have in the field. In like 
manner you may hay coun T0 bearing of kay v_ 


line. 


II. To ru with a 'Thegdolite, both TY the 
Limb, and by the Box and Needle. 


EFORE you engage in a ſurvey, you ought 

to conſider the numbering of your inſtrument 5 
thus, when the eye is conceived to be placed in the 
center, conſider whether the numbers increaſe from 
the left to the right; or from the right to the 
left; or, according to the farmer's familiar phraſe, 
whether the numbers increaſe with or againſt the 


ſun's motion. 
And then obſerve, that with a Theodilite, whoſe 


box is fixed to the plate, the circuit is moſt con- 


veniently made with tne increaſing of the numbers; 
and the fixed ſights ſhall always be directed to the 
next ſtation, and the index to the laſt. But 
when the box is fixed to the index, *tis beſt to go 
round contrary to the order of the numbers; and 
then the fixed ſights are to be directed to the laſt 
ſtation, and the index to the next, 

And if the beginning of the degrees are kept to- 


wards you when the fixed fights are directed, and 


the flower-de-luce towards you when the index is 
directed; the degrees cut by the end of the index 
which is next you, are thoſe which meaſure the an- 
gle; and the degrees pointed at in the box by the 
fouth end of the needle, give the bearing of the 
next length. And this bearing will be, in all re- 
ſpects, the ſame with that taken by the Circumfe- 

rentor z 
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tentor ; provided that the box be divided arid num- 
bered like that of the Circumfetentor. 

This double obſervation is of great uſe to hs 
ſurveyor ; for hereby he may eithet plot by the an- 
ple, or the bearing, or by both; as he ſhall find 
moſt convenient; «nd alſo, may prove his obſerya- 
tion before he moves the inſtrument. - For, of the 
numbers expreſſing the bearing of the lines form- 
ing any angle, if the leſſer be ſubtracted from the 
greater, and the remainder be increaſed by 180 de: 
grees when leſs than 180, or, if greater than 180, 
is diminiſhed by 180; the reſult in either caſe will 
give the angle icſelf, or its ſupplement to 8600 de- 

rees. 
l When a Theodolite is uſed with a box Bet to the 
plate, and the numbers in the box increaſe the ſame 
Way with the numbers on the plate; or, which 
comes to the ſame, with the box fixed to the index, 
and the numbers therein increaſe the contrary way 
with the numbers on the plate (moſt Theodolites be- 
ing made one of theſe ways, or ſhould be ſo to be 
moſt convenient); then a Protractor being numbered 
contrary to the numbers in the box, will be fitted 
to lay down the plan, either according to the angles 
taken by the limb, or by the bearing taken with 
the needle, or by both together, in order to prove 
the truth of each other: and then alſo may the 
ttuth of the angle or bearing be proved, before 
the inſtrument is moved from the ſtation by either 
of the two following rules. 
If to the preſent bearing be added 180 degrees, 

and from the ſum you ſubtract the laſt bearing; 
then the remainder will be the preſent angle. 

And if to the preſent angle you add the laſt bear- 
ing, and from the ſum ſubtract 180; then will the 
remainder be the preſent bearing. 
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But if the degrees to be ſubtracted are more than 
thoſe from which they are to be ſubtracted ; the lat- 
ter muſt be increaſed by 360, and then ſubtract. 

And if the remainder be more than 360, then 
abate 360, and the reſult gives the degrees re- 

uired. = : 
So, with a Theodolite that hath the box fixed to 
the index, and the eye being conceived in the cen- 
ter, the numbers on the plate increaſe from the left 
to the right, but thoſe in the box the contrary way, 
and ſo moſt proper to work againſt the ſun : if you 
would take the bearings of the lines of fig. 19. be- 
ginning from any aſſigned angle, ſuppoſe A; then 
your inſtrument being planted at A, direct the index 
to the next ſtation at B, and the ſouth end of the 
needle will point at 207 degrees in the Circumfe- 
rentor. And for the following angles and bearings, 
when the 
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and the ſouth end of the needle will,] roa. ; 


as in the Circumferentor, point at J 331- 50 
8 I 254. 30 

3 308. 30 
And with a Theodolite, that hath the box fixed 
to the index, and the numbers of the plate contrary 
to thoſe of the box, while the eye is conceived 
laced in the center, increaſe from the right to the 
left; and ſo moſt proper to work according to the 
ſun's motion; if you would take the angles and the 


bearings of the lines of Fig. 19. and begin from any 


aſſigned angle, ſuppoſe A; then your inſtrument 
being planted at A, direct the index to the next 
ſtation G, and the ſouth end of the needle will 

int at 2319 30/ in the Circymferentor. And for 


all the following angles and bearings, when the 


G 
5 | 
inſtrument is ] E | dire&t the fixed 
- Planted at - ſights to 
CB 


and there ſcrew the inſtrument faſt ; 
then direct the index to 
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the Circumferentor, will point to 33 
5 135. 30 
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bog the ſouth end of tha needle, as in \ 208. 


But with the Theodolite, that hath the boy fixed 
to the plate, and the numbers on the plate as well 


as thoſe in the box (the eye being placed in the cen- 
ter) increaſe from the right to the left, and therefore 
molt proper to work contrary to the ſun's motion; 


if you would take the angles and the bearings of 
the lines of Fig. 19. and begin at an aſſigned angle 


A; then your inſtrument being planted | at A, di- 


ect the fixed ſights to B. and the ſouth end * the 


needle will point at 207 00', as in the Circumfe- 


rentor, and as in the firſt example. And for all 
the following angles and bearings, when the in- 
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and the ſouth end of the needle, as | 32. 
in the Circumferentor, will point 15 
at the bearings ss = 50 
_ - 30 

30 


both as in the Firſt example. 
Alſo with a Theodolite, that hath 5 box fixed 
to the plate, and the numbers on the plate, as well 
as thoſe in the box, the eye placed in the center, 
increaſe from the left to the right, and therefore 
moſt proper to work according to the ſun's motion; 
jf you would take the angles and the bearings of 
the lines Fig. 19. and begin at an aſſigned angle 
at A, direct the fixed ſights to G, and "the ſouth. 
end of the needle will point at 2319 3o/ as in the 
ſecond example. And for all the following angles 


and bearings, when 


c 


8 F 
the inſtrument is) E (direct the fixed } D 
planted at V fights to C 
C 55 B 
B AJ 
G 
then ſcrew the inſtrument faſt, and direct F 
the index to - - - - - - - -JE 
| D 
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20d ſo will the end of the index, next} 49. 35 
the eye, cut on the limb, the angle \ 237. 45 
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07 
5 | 285. 30 
and the ſouth end of the needle, as in 208. '20 


the Circumferentor, will point at 135 30 
tie bearings. -- - - 9. os 


both as in the ſecond example. 


Pubs either of theſe four inſtruments, the angles 

d the bearings of the lines are taken, at once ſet- 

5 the index, as eaſily and expeditiouſly as the 

ang'e iilelf only; which evidently appears from the 

four preceding. examples. And the truth of theſe 

obſervations may be readily proved by either of 
the rules already laid down, 

For, the inſtrument being planted at B, in the 
firſt and third examples, if ro 1119 00/ the bearing 
there taken, you add 180 oo, and from the ſum 
291” col, rake the laſt bearing 207% oo/, there will 
remain 840 oo, which gives the angle taken at B, 
exactly as there obſerved; and proves the angle 
and theſe two bearings to have been truly; obſerved. 

In like manner, the inſtrument being planted at 
C, in the ſame examples; if to the bearing there 
taken, 44” 30/ you add 180 oo, and from the 
ſum 224 3ol, you ſubtract 1119 O0 the bearing 
taken at the laſt ſtation; the remainder 1130 30 
g1ves the angle at C exactly as it was there ob- 
{ured : which proves that the angle, and alſo the 
laft and preſent bearings are truly obſerved. 

Alſo the inſtrument being Planted at D; if to 


khe bearing there taken 1029 15/, you add 1 80? oo, 


and from the ſum 2620 I5h, take 44 30' the laſt 
bearing; the remainder 2372 43 gives the angle 

at D, 2s there obſerved. 

But the inſtrument _—_ planted at E, if to the 
bearing there taken, 33 19 go. you add 180? oO, 

and from tie ſum 51 * tot you ſubtract 02 150 
tire 
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the laſt bearing; the remainder- 409 3 5! leflen'd 
by 3609, becauſe greater than 360, gives 490 35/, 
the angle at E. And ſo of all the reſt. 
And in like manner may the angles and bearings 
be compared in the ſecond and fourth examples. 
Or the angles and bearings may be compared by 
the ſecond rule thus: The inſtrument being planted 
at B, if to 840 00', the preſent angle, you add 
205 oo, the laſt bearing, and from the ſum 
2919 oo! you take 180? oo, the remainder 1110 
oo, gives the preſent bearing, as obſerved. 
The angles and bearings being truly taken, it 


* 


remains to ſhew how 


To plott, and therein to diſcover and correct an 
error before it 1s communicated to the follow- 
ing part of the work, 


TAVING provided yourſelf with a Protractor, 
whoſe numbers increaſe. contrary to thoſe in 
the box, draw acroſs your deſigned draught paral- 
lel lines, as in plotting obſervations taken with the 
Circumferentor. 5 
Then having choſe a convenient point to repre- 
ſent the firſt ſtation, as at A; from thence, workin 
by the firſt or third examples, lay down the bear- 
ing 207? oO, and draw AB, as ſhewn in plotting 
from the Circumferentor. On the point B lay the 
center of the Protractor, and its diameter on the 
line AB produced both ways, if neceſſary, ſo that 
the beginning of the degrees may be towards the 
laſt ſtation, if the angle be leſs than 180?, but the 
contrary way, if greater; and cloſe to the edge of 
the Protractor make a mark againſt 84? oO, the 
degrees of the angle B, and draw BC. Turn the 
Protractor about on its center, till the diameter be 
parallel to the meridians, the beginning of the de- 
grees being towards the north, when the bearing is 
4 — | OY © leſs 


26 
leſs than 180; but contrarywiſe, when more; and 
if the line BC cut the bearing 111% O0 on the edge 
of the Protractor, that line is truly laid down; but 
not ſo, if it cut any where elſe. 

But working according to the ſecond and fourth 
examples, lay down the bearing 2319 301, and draw 
AG: On the point G lay the center of the Protrac- 
tor, as before ſhewn, its diameter coinciding with 
the line AG, and mark off the angle G, 2342 o/, 


draw GF: Turn the Protractor, as before, and if 


FG cut 285 3o/ on the Protractor's edge, the line 
is truly laid down. 

In like manner, may any other angle beexamin'd, 
and if found erroneous, the error may be corrected, 
before it is communicated to the following part of 
the work. 

And we may obſerve, that, if the plot be laid 
down by the bearings of the lines, thoſe bearings 
may be examined by meaſuring the angles as ſoon 
as plotted. 

Though this method ſufficiently recommends 
itſelf, both in reſpect to diſpatch as well as accuracy; 
I do not expect it will be practiſed by any but the 
unprejudiced. For he who hath ſurveyed much 
land with a Circumferentor alone, or with a Semi- 
circle or Theodolite, without a needle, or with any 
other inſtrument, that doth not afford a double ob- 
ſervation 3 he I ſay, hath not provided a check to 
his frailty, and will ſcarce forſake his old way, be- 


cauſe he will not accuſe himſelf. 


There are two other ways to uſe the Theodolites, 
each equally exact with the former, but not ſo ex- 
peditious. One way is to take the bearing with the 
traverſing quadrants; the other is to take the bear- 

ing with the degrees on the limb. But the angle is 
always taken as above. 

If you would uſe the traverſing avafrants then 


the obſerving, the plotting, and the proo! in plot- 


ting, 
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nog are all as eafily ſpeedily, and exactly done ag 
by the firſt method; but the proof of the obſerva- 
tion in the field, though equally true with the for- 
mer, is neither fo eaſily performed, nor ſo eaſily 
reduced to one ſingle rule. But the perſan who is 
reſolved to plot by the traverſing Quadzents, had 
beſt take the obſervation both by the Qnadrants 
and by the Circumferentor z and —— prove the 
obſervation in the field by the Circumferentor, and 
the plotting by the traverſing Quadrants. 
LLaſtly, If you would take the direction or bear- 
ing by the diviſions on the limb with a Theodolite, 
whoſe box is fixed to the plate; then (having taken 
the angle as before ſhewn) turn the inſtrument 
about till the north end of the needle point at 360 
degrees in the box, and ſcrew it faſt; direct the 
index to the next ſtation, and the end next you will 
give on the limb the direction in degrees and mi- 
nutes, as in the former examples. 

But with a Theodolite, whoſe box is fixed to the 
index, if you would take the direction by the di- 
viſions on the limb; then (after the angle is taken, 
as before ſhewn) direct the fixed ſights to the next 
ſtation, ſcrew the inſtrument faſt, and turn the 

index about till the north end ot the needle point 
at 360 degrees in the box; and then will the end 
of the index neareſt to the ſouth end of the needle 
cut on the limb the direction in degrees and mi- 
nutes. But the Protractor to lay this bearing 
down, muſt be numbered W to the limb on 
the inſtrument. 
The great advantage uſually propoſed by this laſt 
method, is, that the degrees on the limb are larger 
and more diſtinctly cut, and conſequently more nearly 
eſtimated than thoſe in the box. But conſider that 
you can no better bring the needle to point at any 
one degree, than you can eſtimate its pgſition in any 


other degree; z and that ſince we uſe the needle 
all 
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all the objections made in one method are incident 
to the other; and then you may eaſily conclude, 
that the advantage is only imaginary. 1975 
Beſides here we are obliged to take two obſerva- 
tions, either of which take up as much time as the 
obſervatꝭ uſed in the former method; which 
renders | not fit for a practitioner. 1 
Of the uſe of theſe Theodolites, I have one thing 
more to advertiſe, viz. to meaſure and caſt up the 
content of one large ſingle wood or common, where 
there are ſome ſcores of angles to be taken, the ſafeſt 
way is to caſt, without plotting, by the help of the 
needle. And in this caſe I would take the directions 
beth with the Circumferentor and the traverſing 
Quadrants ; and in the field prove the directions 
taken with the Circumferentor by the angles taken 
by the limb; and then, ſtill in the field, prove both 


lengths and directions in calculating a traverſe, hy 


help of a traverſe Table; and laſtly, from this 
traverſe (at leifure) deduce the true content. 
But the traverſe tables that are now extant, are 
but ſpecimens of thoſe which are fit for uſe; inſtru- 
ments are not ſufficiently exact, and trigonometrical 
operations too laborious, and therefore this way of 
computation muſt be deferred, till ſome perſon 
who hath leiſure and patience to ferve the world, 
in calculating fuch a table, is reſolved to do it “. 
Of any one of the four Theodolites, which 
have the numbers on the box, contrary to thoſe 
Theodoliſes before deſcrived, one or more incon- 
venience will always ariſe, uſe which of the three 
fore- mentioned methods you pleaſe. 
It is true, the angle taken by the limb, is per- 
formed as ſhewn in the preceding rules; but ſince 


* Here the author promiſes if he can procure ſuch a 
table, as he hoped to do, to publiſh it with its uſes in 
Practical Surveying and Navigation: But he being long 
ſinee dead, that delign has dropped. . 

| t 
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it is not ſafe to work by the limb only, if you uſe. 
the Circumferentor, as ſhewn in the firſt rule, you 
muſt either ſubtract the direction from 360 de- 
grees, and enter the remainder, inſtead of the di- 
rection pointed at by the needle; or elſe uſe two 
Protractors, which will be troubleſome, and alſo apt 
to cauſe miſtakes by uſing the one for the other. : 


If you uſe the traverſing Quadrants only, then in- 
deed the uſe is in all reſpects the ſame with the 
preceding ones; but theſe, as I have already 
ſhewn, are not fo expeditious as, nor more exact 
than the method firſt laid down. es 


If you will take the direction by the limb, and 
ſtill make one Protractor plot both obſervations, 
you muſt direct your inſtrument twice, whereas by 
the firſt method laid down, it might be done at 
once. es 


Laſtly, Of Theodolites thoſe are beſt which I 
have teleſeopes with plain fights on them, and fo 
contrived that the Surveyor may at any time adjuſt 

any ſmall accident, without coming to a workman 

and that both of them may be elevated or de- 

preſſed at leaſt ten degrees; one of theſe tele- 

{copes, inſtead of the fixed fights, the other in- 

ſtead of the moveable ones, and as long a needle 

as will play well, with other the like conveniences, 

ſufficiently known to a skilful inſtrument-maker, 


— 
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III. To „ ae Ga a cont tat bat, z 


Box and Needle 


Semicirele i 15 juſt half the Thesdolte and ad- 

mits of juſt as many varieties ; - if is number 4 | 
on the limb to 180 degrees, and in arch concentric 
to this is denominated by the numbers 190, 200, 
210, Sc. to 360 ſtanding under the former num- 
bers 10, 20, 30, Sc. Its uſe, in all reſpects (both 
to the plate and box) is the ſame with the Theodo- 
lite; ſave in this, that when the end of the index 
next the eye, falls off the plate, the degrees cut on 
the limb are to be taken from the further part of 
the index reckoned among the diviſions of the inner 
circle, and will be always more than 180 degrees. 


There are other ways of numbering 4 dividing 


(and perhaps without a box and needle) uſed. in 


theſe inſtruments ; but they are a worth notice. 


IV. Of the Peractor. 


HE. Peractor is the fame with part of that 

T heodolite, whoſe box is fixed to the plate; 

and the directions given for the Theodolite in 
page 27, will ſerve for this. 
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HE diviſions on the limb of the Plain Table; 

with its box and needle, being like thoſe of the 
Theodolite, or Modern Circumferentor ; if the 360 
degrees on the limb be upwards, and the box and 
needle ſcrewed to the ſide of the table; it performs, 
in all reſpects, the uſe of the Theodolite, whoſe box 
is fixed to the plate. For lay the edge of the index 
on the diviſion numbered 360, and to that numbered 
180; and turn the whole inſtrument about, till 
through the ſights you ſee the next ſtation (the 360 
being towards you, as ſhewn with the Theodolite) 
and there ſcrew it faſt; then turn the index about 
upon the center, till you ſee the laſt ſtation, and ſo 
will the end of the index next you cut the degrees 
of the angle, and the ſouth end of the needle will 
give the direction or bearing, 

But if the box be ſcrewed to the index, it in like 
manner becomes a Theodolite, with a box fixed 
to the index. 

If the box and needle be ſerewed to the aff, it 
is a Circumferentor. 

If the box be ſcrewed to the table, a chat fide 
of the frame be upwards, which is divided into. 
four nineties, it is the Perambulator. 

If that fide of the frame is upwards, which hath 
only the 180 degrees of the ſemicircle numbered on 
it, then it is a ſemicircle, either with the box to the 
Plate or not, according as the box is fixed to the 
table or to the index. 

And what hath been already ſaid of theſe infkrü- 
ments may ſerve for directions, to uſe the plain 
table theſe ſeveral ways, and need not be a again re- 


peated here. | 
And 


[ 32 ] 


Aiid hence it ſeems that the Plain Table might 


properly be called Panorganon, or the univerſal in- 


ſtrument, in reſpect of land ſurveying. 
There are two ſmall holes towards the middle of 


the board, which ſerve as centers to the diviſions on 


the limb; the one for thoſe when the table is uſed 
as 2 ſemicircle, the other for the degrees numbered 

as in a Theodolite; In theſe holes the protracting 
pin is to be ſet while the ſloped edge of the index 
flides againſt it, and cuts the diviſions on the framay 
Now, if theſe holes were conical, and were the con- 
tinuations of a conical hole in the index, fo that the 
index could be fixed to them by a conical pin paſſing 


thro? its hole, and the central one, into which the 


pin ſcrewed, the fiducial or ſloped edge of the index 
being made to correſpond with the center of the pin; 
alſo if the diviſions on the frame be. cut as accu- 
rately as on the limb of a Theodolite ; and the 
wood would neither ſhrink nor ſwell any more than 
braſs; and a teleſcope mounted on the ſights; and 
the back fide of the index brought alſo to a fiducial 
edge ; then the Plain Table would be a very com- 
plete inſtrument. 

It remains to ſhew, how to take angles when we 
uſe the Plain Table covered with a ſheet of paper; 
but this hath been ſufficiently handled by Mr, Ley- 
bourn, and almoſtall the co mmon writers en Sur- 
veying ; therefore I ſhall content myſelf with laying 
down a method to correct an error committed be- 
fore it is communicated to the following parts of 
the work. Though I do not any ways doubt but 
the reader may, by what follows, learn the uſe of 
this plain inſtrument. 

Suppoſe you were to draw the plan of the field 
ALMNQR: (Fig. 20.) Draw on the table a line 
to repreſent AL. in the field, and by the ſcale lay 
down on the plan the length AL, was found to be 
in the field, when you meaſured it with a chain. 
| Then 
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Thien planting the table at L, lay tlie index on AL; 
and turn the whole inſtrument about till you ſee a 
mark ſet at A, then ſcrew it faſt; and turn the in- 
dex about on L as a centre, till through the ſights 
you ſee M, draw LM, and by the ſcale; give it on 
the table the ſame length you found it to have in 
the field, by meaſuring with the chain. 

Now in order to examine the length of LM, and 
alſo its poſition in reſpect of AL; plant the inſtru- 
ment at M, lay the index on LM, and by turning 
the inſtrument, dire& the ſights to L; and there 
ſcrew it faſt z then direct the index turned about on 
M, towards A in the field, and if the edge does not 
cut the point A in the table, the line LM is falſe, 
either in poſition or length, and therefore muſt be 
examined and corrected before you proceed. 

The line LM being truly laid down, plant the 
inſtrument at M, lay the index on LM, and direct 
the ſights to L, by turning round the table, and 
ſcrew the inſtrument faſt : now turn the index a- 
bout on M, till through the ſights you ſee the hair 
cut N, by the edge of the index draw a ſtrait line, 
and by your ſcale, from M tay the length NM e- 
qual to what you meaſured it in the field, 

But to prove whether the line NM is truly laid 
down both in poſition and length; having planted 
the inſtrument at N, and directed the index laid on 
NM to M, and there ſcrewed the inſtrument faſt ; 
from N direct the index to either of the marks L or 
A in the field; and if the index then does not ac- 
cordingly cut L or A on the table, the line MN is 
falſe, and muſt be corrected before you proceed. 

And in like manner through the whole furvey, 
you may proceed to lay down every line, and ex- 
amine it before you leave it, (provided that you 
leave all your marks ftanding at the ſtations,) by 
laying the index on the laſt line, and turning 
the inſtrument about till thro? the ſights you ſee the 

D | ma 


La; and ſo will the point @ be determined. 
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hair cut the laſt mark; and then ſcrewing the inſtru- 
ment faſt; if you turn the index about on the point 


repreſenting the ſtation where the inſtrument ſtands, 


till you ſee any one of the marks paſſed by, except 


the laſt of all; and if the edge of the index does not 


cut on the table, the repreſentative of that point, the 
laſt line is not truly laid down. | 

But when from any ſtation, ſuppoſe N, you can- 
not ſee any other mark but M, ſet up ſome mark a, 


from whence you may ſee ſome of the preceding 
marks, ſuppoſe L, as well as M and N; and from 
this point a examine the truth of the poſition of the 


line MN. | 
Or thus; you may ſet up a mark a, any where in 


the field, from whence all, or ſeveral of the angles 
may be ſeen; then the inſtrument being at A, and 


the index on AL, ſcrew the inſtrument faſt, and 
turn the index on A, till you ſee a, and draw Ag. 
The inſtrument being at L, the index on LA, 
and the index directed to A; let the inſtrument be 
ſcrewed faſt; turn the index about on L, till thro? 
the ſights you ſee a, draw by the edge of the index 
Then the inſtrument being at M, the index on 
LM, the fights directed to L, and the inſtru- 


ment ſcrewed faſt; turn the index about on M, till 


thro' the fights you ſee the mark à in the field: 


then if the edge of the index does not cut à in the 

table, the line LM is falſe either in poſition or 
length. 3 | 

In like manner the table being at N, the index on 

NM, the fights directed to M, and the inſtru- 


ment ſcrewed faſt ; turn the index about on N, and 


direct the ſights to the mark a; and if the edge of 


the index doth not cut , on the table, then MN is 
falſe either in poſition or length, 
Laſtly, inſt: ad of a mark ſet up as a, you may 


uſe any remarkable tree, ſteeple, Sc. not at too 
great 


END 
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great à diſtance from you, whether it be in the land 


vou are then ſurveying, or not. _ 
And when the mark you have laſt uſed is at too 


great a diſtance from you, or lies almoſt in the ſame 


{trait line with that which you are about to lay down 
then uſe ſome other mark in its ſtead, - 


VI. Of working with the CHAIN, 


1 1 RST, provide a ſtaff juſt 6 feet 7 inches and 


two tenths long, which divide into 10 equal 
parts; and ſo will the whole be the length of 10 
links, and each part the length of one; and 10 times 


the length of this ſtaff, the length of the whole 


chain. | 

With this ſtaff examine the length of the chain, 
and alſo of every 10 links; ſtretching it on level 
ground, to ſuch a degree as you deſign to ſtretch 
it, in the field work. | 

Before you meaſure with it, provide 10 arrows or 
ſmall ſticks; each about two feet long, and of ſuch 
thickneſs, that a man may conveniently graſp 10 of 
them in one hand; alſo two ſtrait ſtaves about 5 feet 
long each: the arrows may be made of Ground 
Aſh, a tough wood and not apt to break; let them 


be ſhod with ſharp-pointed iron ferrils at one end, 


and have pieces of red rag tied at the other end; 
whereby they will be very readily diſtinguiſhed and 
diſcovered when ſet down in long graſs or corn. 
When you are about to meaſure with the chain, 
let him that leads it take the 10 arrows and one of 
the ſtaves ; and he that follows it the other ſtaff. 
Then the follower ſtanding at the ſtation, let him 
by motions with his hand to the right or to the left, 
as they have before ſettled it, direct the leader to 
place his 5 feet ſtaff at the chain's end in the ſame 
tight line with the ſtations ; and then let the leader 
D 2 take 
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take up the ſtaff, and in its place ſticking down one 
of the arrows, go on. 


Now the follower being come to the arrow, takes 


6 ** ſets his ſtaff in the hole, and directs the leader 
lace his: ſtaff as before. | 

hang wr then let the leader, ſtanding at his ſtaff, 

look back towards the laſt ſtation, and he will re 

the ſtaves and the ſtation in one right line, if they 


have directed right. But if they are not in one right 


line, the leader muſt direct the follower to place 
his ſtaff at the chain's end, in the ſame right line 
with the ſtation, and the leader” s ſtaff. | 
And fo, let each direct the other, till the two 
ſtaves and the two ſtations are in one right line; 
and then muſt the leader put down an arrow in the 
lace of his ſtaff, and go on: and the follower take 


up his ſtaff and the arrow where he laſt ſtood, and 


go after him. 
And let them thus — till they have meaſured 


to the ſtation, or till the leader is nearer the ſtation 
than one chain's length; and then will the number 
of the whole chains meaſured, be expreſſed by the 
number of the arrows pricked down by the leader, 
and taken up by the follower, which ſuppoſe 8. 

Now let the leader go on to the ſtation, and there 
hold the end of the chain, and let the follower ſtretch 
the chain as uſual, and then ſee how many links are 
contained between the laſt arrow and the ftation ; 
which may be reacily counted by help of different 
bits of braſs, or curtain rings, or other marks fixed 
at the end of every tenth link, which links ſuppoſe 
to be 47. 

Then enter in your field-book the chains and 
links without any diſtinction between them, and 


they will be 847 which imply either 847 links, or 


8 chains 47 links. 
But here we are to obſerve that the links muſt 


— Poſſeſs two Places; ; as 8 chains and 4 links 
muſt 


„ 
oy 


n 
. 
He? 


„ 
muſt be written 804; that is 8 chains and 4 links, 
804 links; and 8 chains without any links, muſt be 
written 800, implying 8 chains, or 800 links. 
It is neceſſary that the ſurveyor ſhould enquire of 
his aſſiſtants at the end of every meaſured length, 
how many arrows each hath ; and if the ſum ot the 


arrows are not ten, it is evident they have dropt or 


left behind thoſe that are wanting; and confe- 
quently the laſt length meafured is doubtful, and 
muſt be re-meaſured before you proceed. 


When you are come to the ſtation, if it be con- 


venient to continue the length, let the follower ſtand 
at the laſt arrow, and let the leader go on with the 
chain, and ſo place his ſtaff, that it and the two ſta- 
tions are in one right line; then in the place of the 
ſtaff put down an arrow, and go on; always direct- 
ing himſelf to place his ſtaff, and conſequently his 
arrow, by the two ſtations. | 

When you have continued your length, till you 
have nearly loſt ſight of the fartheſt ſtation, ſet up 


another ſtation-ſtaff in the place of the laſt arrow, 


and continue the length by the two neareſt ſtations. 

But withal take this caution, that it is not ſafe to 
continue lengths very long, when the ſtations are 
near one another. 33 

When your length is very great, having mea- 
ſured ten chains, let the leader go on and ſet his 
ſtaff down at the eleventh ; now let the follower put 
kis ſtaff in the place of the leader's, and give the 
leader nine arrows, and then go on. But obſerve 
to enter in the field-book theſe ten chains, and 
never truſt to your memory. And if the length 
conſiſts of ten chains more, work as before, and en- 
ter 20 chains, and ſo on. | | 

For a ſhift, the ſurveyor may perform many 
works with the chain; but this at beſt is both labo- 
rious and tedious, the only inſtruments for ſurveying 
all manner of lands both great and ſmall in all caſes, 
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being the Theodolites before-mentioned ; yet left 
there ſhould ſometimes be an abſolute neceſſity for 
taking the poſition of a line by the chain when rp: 
inſtruments are wanting, we have here added 


method of taking an angle therewith. 
In order to do this, provide three round flicks, 


very firair, and about four or five feet long. And 
if you were to take any angle as DBC (fig. 21.) firſt 

lace one ſtick upright in B, and there hold one end 
of the chain, and let your aſſiſtant carry the other 


end and another ſtick towards C, and direct him to 


move ſideways, till the ſtick held upright at E, be 
exactly in the right line BC, at tae chain's end, 
where let him leave it. 

Then let him take the end of the chain and move 
towards D, and, as before, direct him to plant the 


third ſtick at the chain's end upright 1 in the line BD 


at F. 

Then meaſure the diſtance EF in links and deci- 
ma] parts of a link, if leſs than one chain, and enter 
them in the field- book: ſo if the diſtance EF were 
94 links and 75 tenths of a link, they might be enter'd 
thus, o 947Pats, denoting o ſextants, 947 parts; 
the l 8 for the chord of ſixty degrees. 

In this work great care ought to be taken, that 
the ſticks be as trait as a workman can ſhoot them 
wir a long plane; and that they are planted either 
iy perpendicular, or at leaſt ſo that the ſticks 

olanted at B and E, and the mark C may be exactly 
in the ſame plane, and alſo the ſticks Band F, and 
the mark D in another plane. 

But becauſe it is very difficult to erect a ſtick ex- 
actly perpendicular. it will be eaſier to perform the 
latter thus; plant the ftick as nearly perpendicular 
as You can; then move yourſelf backwards towards 
G, the farther the berter, till your eye, the ſtick at 


1 


B, and the mark at C, are all in one ſtrait line, 


4225 


there ſtand and direct your aſſiſtant to plant his ſtick, 
io 
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ſo that the ſtick at B exactly cover it from the top 
to the bottom. | 

But if it ſo happen, that you cannot move back- 
wards at all towards G; then having planted the 
ſtick at B, as upright as you can, let your ſecond 
aſſiſtant move forwards towards C, and let him there 
direct your firſt aſſiſtant to plant the ſtick at E, ſo 
that it exactly cover the ſtick at B, while you direct 
him to place it in a right line with the ſtick B and the 
mark at C; and the like caution muſt be uſed in 
planting the ſtick F. Nevertheleſs it will often hap- 
pen ſo that the mark at D may be a little ſhifted. 
and in this caſe, time and trouble may be a little 
leſſened; for having planted the ſtick at F nearly 
in a true poſition, move forwards towards D, and 
direct your aſſiſtant to incline the ſtick at F, ſo that 
it exactly cover the ſtick at B, then returning to B, 


direct your aſſiſtant at D to place the mark in a right 


line with the ſticks B and F. | 

But, ſecondly, if the angle DBC is ſo great that 
the line EF be longer than the chain (as in fig. 22.) 
lay out a ſextant; thus while the chain was laid 
from B to E, ſet down an arrow at H 50 links; then 
let your aſſiſtants hold the chain's end at H and B, 
while you, with the middle in your hand, move to- 
wards I and lay both halves ſtrait; ſet down an ar- 
row at I, which conſtitutes the equilateral triangle 
HBI; and thereby gives the angle HBI a ſex- 
tant. Now the chain's end ſtil] held at B, ſtretch 
it through the point Ito K, where alſo ſet down an 
arrow; then meaſure KF in links and decimal 
parts of links, which ſuppoſe ro be 76 links and 4. 
tenths; and then ſhall be entered in the field-book 
1* 764, implying one ſextant and 764 parts. 

In like manner, if the angle were more than two 


ſextants (as in fig. 23.) then having laid off the ſex- 


tant HBI, let- your affiſtants hold the ends of the 
chain at B and I, while you with the middle of the 
* 35 chath 
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chain in your hand ſet down an arrow at L, conſti- 
tuting the ſextant IBL; and then as before, the 
chain being ſtill held at B, lay it through L, and at 
the other end K, ſet down an arrow; chen mea- 
jure FK, which ſuppoſe to be 43 links and 5; tenths, 
and enter in the field-book 2* 435 that is, 2 ſex- 
tants and 435 parts. | 


If you would continue a ſtrait line, ſignify it by 
entering in the book 3: 000; that is, 3 ſextants. 

If an angle be external, and ſo contain more than 
three ſextants (as in fig. 24); let one aſſiſtant hold 
one end of the chain at B, and let the other aſſiſtant 
ſtand with the other end of the chain at E, and there 
hold a ſtick, ſo that E, B and C, are in the ſame 
plane as before ſhewn ; and let him alſo plant a ſtick 
at F, ſo that the ſticks B and F, and the mark D be 
alſo in the ſame plane. 1 hen meaſure the angle 
EBF as before, and to it add three ſextants, and ſo 
wi! the ſum be the meaſure of the external angle 
CBD. So if the angle GBD be os 947, then will 
the external angle CBD be 3*947. But if the angle 
GBD be 1*764, then the external angle CBD will 
be 4 764. And if the angle GBD be 25435, then 
the external angle CBD will be 55435. 


Now to plot any of theſe angles thus taken (ſup- 
pole that in fig. 21); chuſe ſome line divided into 
1000 equal parts, and with this line as a radius from 
the center B deicribe an arch ER, and lay thereon 
ſrom E to F 947 equal parts and draw BD. 


And if you would plot the angle { taken in fig. 22); 
from B with the length ol the divided line, ride 
an ach EF, and lay thereon the length of the divided 
line from 5 to K, and afterwards 764 parts from K 
to F, draw the line BFD, and you will conſtruct 
the angle required. 


SIS 


Again, 
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Again, if you would plot the angle of fig. 23; 
then as before, with the length of the divided line, 
from B deſcribe the arch EF, and thereon lay EP, 
PK, each equal to the radius; and afterwards lay 
435 equal parts from K to F, draw BF; and you 
have the angle required. b 


And jf you would protract an angle greater than 
three ſextants (as the external angle CBD in fig. 
24); firſt continue the line CB, then from the 
angle ſubtract three ſextants, and make the angle 
GBD equal to the remainder. 


Angles about gardens or buildings may be taken 
with rods of five and ten feet, and laid down in all 
reſpects as with the chain, but are no ways fitting 
for large plans. | 


If the Surveyor has only a chain, and having 
drawn his plan, would draw thereon a meridian 
line; he may do it thus; exactly at twelve o'clock, 
mark the ſhadow of ſome upright object, as the 
corner of 2a houſe, or ſome ſtreight tree, or your 
ſtaff ſet upright; then plot this line on your plan, 
and it is a meridian line. | 


Or thus; in a night when the Pole-ſtar is to be 
ſcen, place yourſelf ſo, that your eye, the Pole-ſtar, 


and ſome upright object, as the corner of a houſe, 


or the ſide of a ſtreight tree, be in one ſtreight line; 
then plot the line from your feet to the upright ob- 
ject, and it will be a meridian line. 


Indeed the Pole- ſtar moves round the real pole; 
but at ſo ſmall a diſtance from it, that in this caſe 
the variation may be rejected, 


How 


ES 4 8 8 i Y.7 . 
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However, you may obſerve that the Pole-flar i is 
arch and September at 12, 
April and October at 2, 
full north about) May and November at 4, 
the 20th day of \ June and December at 6, 
July and January at 8, 
Auguſt. and February at 10 


o'clock either morning or evening; always in- 


_ creaſing nearly two hours for every month. 


Therefore if the obſervation is made about theſe 
times, the variation will be very inconſiderable. 


Alfo obſerve, that five, ſix, or ſeven hours be- 
fore or after theſe times, if the pointers are to the 
eaſtward of the pole, then the variation of the ſtar 
is about three degrees and a half weltward ; and 
is then the greateſt. 


But if to the weſtward of the pole, the variation 
is about three 1-half eaſtward, and then at the 
greateſt. 


Norz, The pointers are the two hinder 
wheels of the conſtellation, call'd Charles's Wain, 
which are obſerved to be always in a direct line 
with the Pole-ſtar. 
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SECT. Is, 


To caſt up the ConTENTS of LAND, with 
The Method of reducing Irregular Curves 0 
Streight Lines, 


HE contents of any field may be readily caſt . 
up thus: Take each baſe and perpendicular. 


of every triangle, and each diagonal of every Tra- 
pezium, in links, eſteeming every chain 100; in 


every Trapezium multiply the ſum of the perpen- 
diculars by the diagonal; and in every ſingle tri- 


angle, the baſe by the perpendicular ; then add the 
ſeveral products together: Put a point between 
the fourth and fifth places, and another between the 
fifth and ſixth, reckoning from the right hand; 
then halve the figures to the left hand of the 

oints, and ſo will this half be acres: if an unit 
remain, that unit is an half acre or two roods; and 
if the figure between the points be five or more, 
take five from it, and account it another rood. 
Then multiply the remaining figure o between the 
points, by 8, and to the product add the tens to 
be carried from the fourth figure, and you have 
the perches. If any perſon is ſo curious, as to 
eſteem the decimal parts of the perches, they will 
be the product made by multiplying the figures 
to the right hand of the point by 8. So in figure 
25, the operation will be thus, 
| 373 


441 


313 AC; 214 KL; FG=418 
6122 DE; 396 2 HI; AH=g00 


925 610 376200 
725 BF O0 FM 
4625 305000 
1850 
6475 670625 
— | 305000 
670625 g 76200 
I 31511825 
A. R. P. 


Anſwer, 6: 3: 1 


Here half of 13 gives 6 the acres, and one re- 
maining is 2 roods; then the 5 between the points 
gives another rood; and ſo the whole is 6 acres and 


three roods ; and becauſe there is but one ten to be 


carried from the fourth place, and that after the 5 
is taken out of the fifth, there remains nothing, 


there is but one perch. 
In like manner, if the whole ſum of all the 


| ö 
117405364 „ 
Products } 1192765 (the con- J5. 3 . 34 
be 021 tentis 5 I. 83 
8143764 4.0. 35 


So if the ſum of the products be 417 6354, the 
content is 20. 3. 21/0832. But this method 


muſt be only uſed when the figure 1s reduced to 
triangles and trapeziums. 
It may not be improper to add in this place, the 


manner of caſting * ſuch ficlds as conſiſt of many 
ſmall 


ip 

34 

rt 
wy. 


. 
ſinall breaks in the hedges; without reducing them 
to a multitude of triangles ; thus, 17 8 

Let fig. 26. be ſuch a field; produce NM, one 
of the longeſt ſides; then lay the edge of a ſtreight 

ruler from M, one of the angles at the end of NM, 
to G the next angle but one; holding the ruler thus 
faſt, take with a pair of compaſſes the diſtance from 
L to the edge ot the ruler, and with this diſtance let 
one point of the compaſſes move gently cloſe to the 
ruler, while the other point traces out a line parallel 
to it, and croſſes NM in Q. Now draw GQ, and 
it will reduce that ſide of the figure, which was. 
bounded by the two lines ML LG, to another 
bounded by G, one ſingle line only. 

In like manner Q being produced, and a ruler 
laid from G to E, carry the diſtance of F from the 
ruler parallel to it, till you croſs Q in K. Then 
lay a ruler from K to the next point D, and carry 
the diſtance of E from the ruler parallel to it, till 
vou croſs QG in H. Now lay a ruler from H to 

the next point C, and carry the diſtance of D, the 
laſt point from it, parallel, till you croſs QG in J. 
Laſtly, draw IC, and the fide GC, which conſiſted 
of the four lines GF, FE, ED, DC, will be reduced 
to the ſide IC, conſiſting of one line only. And in 
like manner we might proceed if the lines were 
never ſo many. 

And thus laying a ruler from C to P, draw PO; 
and in like manner AQ, So will the ten- ſided fi- 
gure be reduced to a four- ſided one, and ſo may be 
caſt up by one multiplication only. The practice 
of this will be rendered vaſtly eaſy by help of a 

arallel ruler. | 

Provide a plate of thin braſs in form of an arch of 
a circle; near whole ends let there be drilled ſmall 
holes, through which ſtring it with a very fine hair 
or wire. Being thus provided ; when a hedge at 
GC bends in and out in ſeveral places, and rhofe 

| bends 


a" 5% | 
bends * very ſmall ſpaces, lay the 150 over it 
lengthwiſe, ſo that the quantities thereby cut off 
from the figure may be equal to thoſe added to it; 
and with your protracting pin, near the ends of the 
hair, make two marks; thro* which draw a ſtreight 
=_ and ſo will this irregular fide be reduced to a 

lar one. And here we may obſerve, that in 

oy ſmall bends, we judge better by the eye than 

we can by the compaſſes of the equality of the 
arts taken in and left out. 

But, if hedges conſiſt of large curvatures, chuſe 
out ſuch points, and ſo many of them, that right 
lines drawn from point to point, may vary the quan- 
tity by ſuch parts only as may be rejected. And 
herein your hair will be a ready aſſiſtance. 
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Wer. V. 
4 the Laying out or Dividing of LA x D. 


HEN any ca of acres, roods, and 
| perches, are to be laid out, or meaſured off 

from another field, it is convenient to reduce them 
to ſquare links, which may be done thus: 


| I 40 | 
If the roods are 4 2% add 4 80% to the perches, 
3 [ 120 25, 


and to the ſum annex 4 cyphers. Divide this laſt 
by 16, or by 4 and 4, and write the quotient fi- 
gures, if they conſiſt of 5 Nen, after the acres. 


But when the number of quotient figures are but 
75 Lorne tee Ipbers g alter the acres,and ten 
the quotient figures; and ſo you will have the 
ſquare links required, 

Ex- 


„ 8 


. 3 } 'F 

Ex. I. Reduce 7 2 24 to ſquare links. 
6% 24 perches, | A 

Add | 80, becauſe 2 rods _ 
16)1040000(65008 | 

80000 = 

' Ss : f i 

Anſwer 765000, ; 

5 | | 

Ex. II. Reduce J © II to ſquare links. 5 | 
Mb 1 x perches ; 

Add o becauſe © roods; 

4)110000 | 

po —— i 

4) 27500 1 

Quotient 6875 has four places. 

Anſwer 706875. ? | 

1 

Ex. III. Reduce 7 O or to ſquare links. | 
to O1 perches. | 5 

Add oO becauſe © roods, j 

16)100 00(625 three places | F 

40 

80 ; 

Anſwer 700625. 

. 4 

Ex. IV. Reduce 1 I3 3 37 to ſquare. links: | 
7 perches, q 

2 120 becauſe 3 roods, ö 

2 415% οõðõz | / ; 
Z 4) 392.500 | 
Quotient 98125 has 5 places. h 

Anſwer 1398125 ſquare links, | 


In } 


3 [ 48 ] 
In the laying out of lands, there are three caſes; 
or Problems, which ariſe in practice. 


For either the partition line is required to be 


parallel to ſome other line aſſigned, or is to paſs 
through ſome point aſſigned in the fence, or to paſs 
through ſome point aſſigned within the land. 


In the ſolution of each of theſe caſes, I chuſe an 
arithmetical approximation rather than a geometri- 
cal conſtruction; for reaſons ſufficiently known to 
thoſe who have practiſed. 


Note, When a quantity of land is to be laid out, 
or taken off from a field, it is neceſſary to have an 
exact plan of the place, or field; and this is ſup- 
poſed in the following problems. 
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PROM : 
From the Field HGEKEF, Fig. 29. 


Let it be required to cut off towards AB, 8 
Acres, 3 Roods, 18 Perches, by a line drawn 
parallel to AB. 


IRST draw parallel to AB a line CD by gueſs, 

near the place where it is imagined the parti- 
tion line ſhould be; and then caſt up the content 
of the figure CDHG, which ſuppoſe to be 772575 
ſquare links, which is leſs than 84- 3R. 18. ; or 
886250 ſquare links, by 113675 ſquare links; 
which ſhews, that the partition line ſhould be 
more towards K. 


Now divide the excefs 113675, by 965, the 
length of CD in links, and at the diſtance of 118 
links, the quotient, draw EF parallel to CD, and it 
will be ſufficiently near the partition line required. 


But if by curioſity you are led to correct the ba- 


riation, you may conceive CD to be a line given in 


poſition, and 113675 ſquare links, to be the quan- 


tity to be cut off, and EF the line drawn by gueſs. 


But if the line CD had cut off the quantity 
CDH greater than that required, then the parti- 
tion line had been more towards GH, whole di- 


ſtance from CD would be found as before, by di- 


viding the difference by the length of CD. 


E PR OB. 


c ĩ OPENER: 


n 2 


1 
o 
From the Field LM PORST W, Fig. 28. 


* 


To cut off rl. ok. 3 5x. toward the corner L, by 
a line drawn from the point V. 


EDUCE the given quantity 3A OR. 3;F- to 
ſquare links, and they will be 321875. 


Then draw LV, forming the triangle VLW, 
which being caſt up, amounts to 30800 ſquare 
links, which is too little. 


To the next angle draw VM, forming the tri- 
angle VLM, which being caſt up will be found to 
amount to 297632 ſquare links, which added to 
the triangle V LW, you have 328432 ſquare links, 
the content of the Trapezium VW LM, which is 
#11] too little, 


To the next angle draw VP, forming another tri- 
angle, whoſe content 403850 ſquare links added to 
328432, the content of the preceding figure, gives 
732282 ſquare links; which is more than the re- 
quired quantity, by 210407 ſquare links; therefore 
the partition line muſt paſs between P and M. 


Divide the exceſs by 497, half the length of VO 
the perpendicular in links, and lay 423 the quotient 
from P to N, and fo ſhall VN be the true line of 


partition. 


P RO B. 
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N 
In the Field BCFGH, Fig. 29, 


To lay out 7A. 3R. 137. towards the corner B, 
y drawing one or two lines through a point 
A within the field. 


O perform this with one line : Conſider thro 

which two ſides of the field the partition line 
will paſs. Reduce the figure to a Trapezium, ſtill 
retaining thoſe ſides, as ſhewn in page 45. Which 
divide by a line through the aſſigned point A. 

Bur, becauſe this method is tedious, ard depends 
on the concourſe of many lines; and though we 
ſhould uſe numbers, we ſhould little mend the mat- 
ter, and indeed is often impoſſible to be performed 
by one ſingle line, it may not be amiſs to ſhew how 
to do it by two lines. 

From A to any two angles H and B, draw the 
lines AH, AB, forming the triangle AHB, this 
being caſt up, amounts to 338000 ſquare links, 
which is lefs than the quantity required. 

To the next angle C, draw AC, forming the tri- 
angle ABC, which being caſt up, amounts to. 
322500 ſquare links; which added to the triangle ; 
AHB, gives 660500 ſquare links; which are {till | 
leſs than the quantity required. I 

To the next angle F draw AF, forming the tri- 8 

angle ACF, whoſe content 280800 ſquare links, | f 
added to the preceding triangles AHB, ABC, gives * 
941300; which exceeds the quantity required by 
158175 ſquare links; now divide this exceſs 15817 _. | 
by 292, half the length of the perpendicular EA, Bs <a 
lay the quotient 541 from F to D, and draw AD; © A 
and ſo will the lines AH, AD, be the partition lines 5 I 
required; and the figure ABCD will contain the | | 

9 quantity which was to be laid out. 5 5 
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The uſe of the Theodolite exemplified 1 in "NE 
ing ſeveral parcels of land lying together, 
291th the form of a Field-Book. 


5 


F T E R a genera! deſcription of inſtruments 


and their uſes, ſome practical examples are 


neceſſary to illuſtrate and explain the particular Va- 
rieties which often occur. 

The following example is delivered in the ſame 
method, which at this time is commonly practiſed, 

The inſtrument uſed in this ſurvey is a T heodolire 
numbered on the limb from the left to the right, and 
in the box (which is fixed to the index) the ſame 
way, the eye being ſuppoſed in the center. 

The Chain, the Off-ſet-Staff, the Arrows; &c. 
are as deſcribed in the third Section. 

In one end of the Off- ſet-Staff, it will be conve- 


nient to ſcrew in a piece of iron, having at the end 


2 kind of fork, whoſe legs ſhall be juſt long enough 


to embrace the hand- -ring of the chain, which being 


put in the fork, the end of the chain may be thruſt 


through a hedge by the means of the Off-ſet-Staff,, 
to the leader of the chain on the other ſide of the 


hedge. 
The field-book may be divided into three columns. 


The middle one contains the ſeveral lengths taken 
5 


IP 


- 


[1] 
the chain; and the outlide columns contain the ſe- 
veral off-ſets, and the deſcription of the moſt remark- 
able objects, which are to be met with in the ſurvey. 
By the mark © is denoted a ſtation; by I an 
inſide angle; and by > an outſide angle; by (B) is 


denoted a bearing; by int. the cutting a hedge by 


the chain; by ag. ſome remarkable object on the 
farther ſide of the hedge. I heſe ſymbols are uſed 


inſtead of words, becauſe they conſtantly fall in the 


way; but other objects, which are more rarely met 
with, I expreſs by words. 

Being thus provided, in the firſt page of the field- 
book, near the top, enter the title of your ſurvey: 
Then having fixed the inſtrument in ſome conveni- 
ent place, as A. to begin at, I enter in the middle co- 
lumn the mark © 1. denoting the firſt ſtation. 

Here obſerve, that I always chuſe to work in a 
lane, as often as opportunity preſents. | 

The inſtrument being planted at A, I ſend a ſta- 
tion-ſtaff forwards in the lane, as far as I can ſee di- 
ſtinctly, the farther the better, ſuppoſe to (B 3.) and 
when I work in the land, I {end a ſtation- ſtaff to the 


next eminent bend in the hedge, or even to the far- 


ther end of it, if the line from the inſtrument to the 
ſtaff be not at too great a diſtance from the hedge, 
fo as to cauſe off- ſets greater than a chain, or a chain 
and a half, or thereabouts. For off-ſets taken too 
great, produce ſome uncertainties. | 

Then I obſerve the bearing of the line AB, 
thus; the flower- de- luce in the box being towards 
me, I direct the ſights to B 3, and then find the 
needle cut 327, which I enter in the middle co- 
lumn under O 1, thus, B 3279. 

Nor, By the inſtrument uſed in this example, 
the bearing is accounted from the north, weſtward 
quite round to 3609. 

The obſervation being made of the line's poſitian, 
which I am about to meaſure, the next thing is to lay 
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54 
the chain from this ſtation A in a right line towards 
the next ſtation B 3; which being done, I let it lie, 
till J have entered the occurrences in this chain's 
length, viz. I meaſure the diſtances of the chain 
from the brow of each ditch, which L enter in the 
outſide columns, that on the right hand of the 
chain in the right hand column, that on the left in 
the left hand column; and alſo the names of the 


perſons, who own theſe lands abutting ; or if theſe 


lands are ſome of thoſe which I am about to ſur- 
vey, I enter the names of them; and, in all cafes, 
expreſs to which land the hedge belongs. 

Theſe precepts will not be repeated, tho? I ſhall 
ever make uſe of them ; but 1t any other are uſed, 


they will be Jaid down the firſt time they | occur in 


this example, but not afterwards. 

Now | enter o in the middle column, and 20 
in the rig ght hand one, and 20 in the left; de- 
noting, that at no diſtance, or at the infirotnc, 
the ditch on the right hand is 20 links from the 
chain, and that on the left alſo 20. In the right 
hand column, I write William Wary's land, hedge to 
Wary; and in the left, Lord Title's land, hedge to 
Lord; becauſe the and and hedge on the right i is 
Wary' s, and that on the left my Lord's. 

Being now come to a, I am right againſt the 
ſouth hedge of Hazle Spring, and alſo of Wood- 


field, and there find the diſtance from the ditch on 


ob the right hand to be 25, and on the left to be 
20, and that atterwards the hedge on the right hand 
be'ongs to Hazle Spring, and on the left to > Waod- 
field, Therefore I enter in the middle columa 65, 
and in the right hand column 25, ag. hedge to 
Haze Spring, hedge to Spring; and in the left 
:70,/ap. hedge on Wocdfield, hedge to field. 
Here it may be obſerved, that theſe off- ſets, or 
Giſtances of the chain from the hedge, are meaſured 


(Wh my ten-link Raf, which I therefore call my 
8 Oft- ler. 
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( 55] 
Off-ſet-ſtaff) perpendicular to the chain, and ſo far 
till J come to that brow of the ditch, which is far- 
theſt from the ſtem of the hedge : And that here 
by the brow of the ditch, I mean the determined 
diſtance of five links from the ſtem of the hedge. 
And in order to lay this ſtaff perpendicular to the 
chain, it would be convenient to have two pieces 
at one end of it at right angles, like the ſquares 
uſed on a drawing-board; and theſe pieces, for 
convenience of carriage, may be made to fall into 
the ſtaff, by ſprings like a claſp-knife, | 
Having entered theſe obſervations in the firſt 
length of the chain, I obſerve what place of the 
ground is exactly under the center of the inſtru- 
ment, by dropping a muſquet-ball, or plumbing it 
with a ſtring and weight; then I remove the inſtru- 
ment, and in that place fix, as upright as can be, a 
ſtation-ſtaff, and then proceed with the chain. 
And becauſe in the ſecond and third lengths of 
the chain I meet with no ſenſible turns in the hedge, 


nor other material occurrences, I go on to lay it a 


fourth time, and there againſt 45 links I find a bend 
in each hedge; where on the right hand the brow 
of the ditch is 30 links diſtant from the chain, and 
on the left 40; therefore in the middle column I 
enter 345 (denoting 3 chains 45 links) and in the 
right hand column go, and in the left 40. 

And here it may be obſerved, that I take off-ſets 
only at each end of ſuch parts of a hedge, as run 
very nearly ſtreight, omitting the intermediate partsz 
ſince when the extremes of a right line are given, 
that right line itſelf is alſo given : So here, though 
the diſtance of the hedges from the chain between 4 
and 6 continually vary, yet only take the off- ſets at 
a and 6, ſince theſe are ſufficient, But when the 
hedge runs on with a continued but irregular cur- 
vature, I take off-ſets at every chain or halt chain's 
length, or perhaps oftner, as the thing requires. But 

11 E 4 when 


[ 56 ] 
when the curvature is regular, 1 take its extremi- 
ties by off. ſets, and expreſs its nature by a ſketch, 
in the outſide columns. 

In going on from b towards B, when I am come 
to c, the chain touches the brow of the left-hand 
ditch, againſt 20; then I afk the hindmoſt man, or 
the follower of the chain, how many arrows he hath? 
he anſwers 5 ; then I enter in the middle column 520 
(denoting 5 chains 20 links) and in the left hand co- 
lumn oo, denoting that the brow of the ditch is at 
no diſtance from the chain. The chain ſtill lying, 
againſt 40 links, 1 find a bend in the right hand 
hedge, where the ditch is diſtant from the chain 
30 links. 

Now it may be a chat I frequently aſk 
the follower of the chain, and alſo the leader, how 
many arrows they have? eſpecially when I am about 
the off-ſet or other occurrence, partly to know the 
number of the chains, and partly to prevent the loſs 
of an arrow; for this always raiſes a doubt of the 
length, and muſt be removed before we proceed ; 
and leſt when a ſtick is dropped, another may be 
picked up in its room, I always give my arrows 
ſome marks of diſtinction. 

If the ſum of the arrows in both my aſſiſtants 
hands ace leſs then ten, than the laſt length muſt 
either be re-meaſured, ſince it is doubtful, or elſe the 
ſurveyor muſt ſtep it, and thereby diſcover which of 
them dropt it: And this, with a little practice, he will 
eaſily do by counting his ſteps, and uſing himſelf ta 
{tride about the fame diſtance each ſtep; and by 
looſing a button of his coat when he hath gone as 
many ſteps as (by experience he knows) carry him 
the length of a chain. And hence he may know 
exactly "the number of the chains, though he cannot 
perhaps find exactly the odd meaſure. But the 
number of chains 1 is ſufficient, becauſe the error by 
dropping arrows always falis in whole chains. 

In 


5971 


In like manner, at the length of juſt 800, be- 
cauſe the chain touches the right hand ditch, and 
is diſtant from the bend in the left hand 40 links, 
L enter in the middle column 800, in the right 
hand column oo, and in the left 0. 

Then I continue on to my ſtation-ſtaff at B3, 
which I find to be at the length of 825, where, be- 
cauſe there is no bend in the hedge, nor other ma- 
terial occurrenee, I enter 825 in the middle column, 
and under it I draw a line, denoting that this 
length, and all the occurrences therein, are obſerved 
and | entered in the field-book. 

Since I have endeavoured to be plain and eaſy in 
this firſt length; ſo ſhall I, in the following part of 
this example, be as conciſe as may be, unleſs where 
ſomething ariſes not before ſpoken of; referring 
the reader rather to the field-book and explana- 
tions, than tiring him with repetitions. 

Being come to B3, I there ſo plant the inſtru- 
ment, by help of the plummet, that its center is 
directly over the hole which the ſtation-ſtaff ſtood 
in; and I ſend my ſtation- ſtaff forwards, as far as 
can conveniently ſee it as to C. 

Now with the beginning of the degrees towards 
me, I direct the fixed ſights back to the ſtaff at A, 
and ſcrew the inſtrument faſt; and then with the 
flower-de-luce towards me, 1 direct the index to 
the ſtaff at C, and there find, that the end of the 
index next me, cuts 2029 45/ and the ſouth end of 
the needle points at 304® 15/, Therefore I enter 
in the middle column of my field-book, © 2, 
and under it I 2029 45/, and next under this B 
304 150; denoting, that at the ſecond ſtation, 


the angle made, is 2029 45/, and the bearing of the 


ſecond length is 304 130. 

But before I proceed, I examine theſe numbers 
thus: To the bearing of the laſt ſtation 3272, I add 
the conſtant number 180, and from the ſum 507?, 
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ſubtract the preſent bearing 304 15/ ; and find the 


_ remainder 2020 45/, exactly equal to the angle. 


Or elſe, to the angle 202? 45/, I add the prefent 
bearing 304? 15/; and from the ſum 5072 ſubtract 
the conſtant number 180, ſo ſhall the remainder 
3272? be the bearing of the laſt length exactly, as 
taken at the laſt ſtation. 

And this operation I place in the outſide column 

againſt the ſame angle and bearing, to ſignify that 
the angle and bearing have been compared, and do 
agree. 
But if theſe numbers thus compared, do not. 
agree, the preſent angle and bearing muſt be ex- 
amined and corrected ; and if, after ſuch examina- 
tion, they do not agree, there is an error in the laſt 
bearing, which may be taken again; thus, 

The inſtrument ſtanding in the ſame place, I di- 
rect the index, the flower- -de-luce being from me, 
ro the laſt ſtation- ſtaff at A; and then will the 
ſouth end of the needle point at the ſame degrees 
which it did when the inſtrument ſtood at A, and 
the index was directed to. B3. | 

Having thus taken, entered, and examined the: 
angle and | bearing, I proceed with my chain, and 
fnd the lengths and occurrences to be as you ſee 
them in the field-book. 

Then fixing the inſtrument at C, as before ſhewn, 
obſerving always to ſet the plate horizontal by the 
help of a Apirit- level, or otherwiſe; I ſend a ſtation- 


ſtaff forward to U, and oblerve, enter, and prove the 


Haring and angle at C; and then ſtretching the chain 
towards D, I find at the length of 250, a gate on. 
my right hand, and at 260, at the diſtance of 10 
links, t the corner of Hazle-Spring. Therefore in the 
middle column I enter 250, and right againſt it, in 
the right hand column, I write Gate ; again, in the 


;ddle col umn, I enter 260, and right againſt it, 
in 
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in the right hand column, 10 Corner, and then 
proceed to the ſtation-ſtaff at D. | 
| Having finiſh'd the length CD, and fixed the 
inſtrument at the fourth ſtation D, I do not go up 
the lane towards E, but turn off towards L; in 
order to cloſe in Hazle-Spring and Spring-Cloſe; 
always obſerving this rule, viz. Never to make a 
tour greater than neceſſity requires, but always to 
cloſe as often and ſoon as poſſible. 

Therefore having ſent a ſtaff to L; I obſerve, 
enter and prove the angle and bearing at D. 

Here it may be obſerved, that when I came to 
K in the firſt length, the hedge on the left hand be- 
longed to Woodfield, and not to the lane ; and 
therefore I entered in the left hand column, Hedge 
to Field; and ſince this note, the hedge on the left 
hand hath continued to belong to the ſame Wood- 
field; therefore I have not repeated that occurrence. 
But in going, from D to L, at the length of 15 
links, I am againſt the corner of Long Mead, and 
10 links diſtant from it, and then the hedge be- 
longs to Long-Mead. Therefore after © 4. > 
259? 20!, B 261 10/, Tenterin the middle column 
15, and on the left hand 10 Corner, then on Long 
Mead, then Hedge to Long Mead. 

But becauſe on the right hand we have ſtill Hazle 
Spring, and the hedge is {til! to the Spring, and be- 
cauſe theſe have been always on the right hand ſince 
I firſt entered them, I go on without any farther 
remark, till I meet with a different occurrence. 

Being come to L, I obſerve, enter, and prove the 
bearing and angle, and then proceed to M. At M 
I obſerve and proceed in like manner to N. But 
at N, the ſeventh ſtation, inſtead of going on in 
the line, I proceed to cloſe in Hazle- Spring, and 
therefore ſend a ſtation- ſtaff to O in Spring Cloſe. 

Therefore at the ſeventh ſtation N, in the lane, 


having obſeryed, entered, and proved the angle 
| | | MNO, 


6501 
MNO, and the bearing of the line NO, and directed | 
the chain from N towards O; I find the chain cuts 
the brow of the ditch at 10 links diſtant from N; 3 
therefore in the middle column I enter 10 Int. denot- 
ing the èhain's interſecting the hege, and then I 
write In Spring- Cloſe, denoting that the land we are 
in is called Spring-Cloſe ; and in the right hand co- 
lumn, but the next line, I write Hazle-Spring, and 
under this, Hedge to Spring, denoting that the land 
on our right hand is Hazle-Spring, and that the 
hedge belongs to the ſame. Then I proceed to 
obſerve, meaſure, and enter thoſe occurrences as 
they are found in the field-book, till I come to O. 

At O, I obſerve, enter and prove, and proceed as 
ufual towards Q ; noting that at the length 720 the 
chain did cut the hedge in the very corner of the 
tence ; and therefore e enter in the middle column 

20 For. and in the right hand column oo Corner, 
and then in rhe middle column I write, In William 
Wary's Land; and ſo proceed to . 

Being come to Q, the ninth ſtation, I fend a 
ſtation- ſtaff towards A; and then obſerve, enter 
and prove my angle and bearing; and ſo proceed 
with the chain, entering all occurrences, as in the 
field- book; till coming to the length 8 30, I find 
my ſelf right againſt the corner of Hazle-Spring, 
and 43 ciſtanc from it; which being entered as you 
ſee in the field- bock, I write in the middle column 
* Cloſe Haz'e-Spring, denoting that the extremity 
of this off-ſet *. Fi with tne firſt off⸗ ſet taken 
to Hazle-Spring. 

Having thus completed Hazle-Spring, I return 
to N. my ſtation in the lane, according to that 
general rule I always obſerve of working in a 
lane, and according to that rule of cloſing as often 
2s poſſible. 

Now turning back the leaves of my field-book, 


? gad the ſtation immediately before my coming 
inta 
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into Spring Cloſe, was by number the ſeventh 
Therefore, in my field-book, I enter © 7. 
But here it may bc obſerved, that whenſoever Ide- 


ſign to return to the ſame ſtation, before ] leave it, f 
cut a turf from the hole where the ſtaff ſtood, or 


leave ſome other mark, whereby I may exactly find 
it again readily; and in the field- book to the mark 


©, I prefix the letter R, or write the word Return: 
by which, and the other concomitant notes, I rea- 


dily diſcover the number of the ſtation. 

But when the © to be returned to, falls in a way 
where many carriages, Sc. paſs; or when it may 
be thought proper, as a cheque on the foregoing 
work, to direct a line from ſome convenient © to 
A former O, ſeveral days after you departed from 
that former ©; in ſuch caſes, it will be beſt to drive 


a plug, cut from a hedge-ſtake, and pare the ground 


away, or leave a few ſtones, about this plug ; or 
make ſome mark in the hedge oppoſite to this plug, 


whereby it may be readily found again; obſerving 
to conceal theſe plugs or marks from the country- 


people, who in general, hating the practice of tak- 
ing ſurveys of their grounds, will frequently remove 
the ſurveyor's marks, either to give him trouble, 
or divert themſelves, | 

And for the convenience of the ready cutting and 
driving of theſe plugs, one of the aſſiſtants ſhould 
have a {mall hatchet ſtuck in his girdle ; beſides, 
fuch an inſtrument is often wanted to cut away the 
ſmall ſtuff in a hedge, in order to open a proper 
view to the ſtation- ſtaff. 55 
Faving now planted my inſtrument a ſecond 
time at N, and ſent a ſtaff forward to R, I obſerve 
the angle MNR, made by the line NR, I am next 
about to meaſure, and the line MN, that which 1 
meaſured immediately beſore I came to N the firſt 
time. 
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dy adding 1309 to 353 15, the bearing of the line 


1 | 

And this I always make a conſtant rule, viz. To 
obſerve the angle with that line which was meaſured 
immediately before I came to the ftation, where 1 
took the angle the firſt time. So here I obſerve the 
angle made with MN, and not with any other as 
ON, and therefore in proving the angle MNR, I 
uſe the bearing of MN taken at M. 

Now having taken, entered and proved the angle 
MNR, and the bearing of NR, I go on with the 
chain towards R, entering the ſeveral occur rences as 
you find them in the field-book. 

Being come to R, the tenth ſtation, tho? my de- 
fign is to incloſe Spring Cloſe, yet becauſe the laſt 
length, continued firait forwards, will take the ſouth 
hedge of Long Mead ; in the middle column I enter 
© 10, I 180, B. 274. 45. and then direct the 


leader of my chain to lay it right forwards by help of 


the ſtations R and N ; and accordingly I enter the 
occurrences of that length, as you ſee in the field- 
book. 

This finiſhed, I return to R, and ſending a ſtation- 
ſtaff to S, TI enter again © 10, and the angle and 
bearing at R, and ſo proceed to S. 

And then from S to T, and fo from T the 12th 
Ration to P, incloſing Spring Cloſe. 

Spring Cloſe being Kniſhed, I return to my fourth 
ſtation at D; and lend a ſtation-ſtaff forwards to 
E, and then under © 4, obſerve and enter the 
bearing of DE, and the angle CDE ; and then by 
the bearing of CD, taken at the ſtation C, imme- 
diatel y before I came to D, prove the angle CDE, 
and procecd with the chain, entering all occurrences 
as uſual. 

Being come to E, I ſend a ſtation-ſtaff to F, in or- 
der to cloſe in Woodkield. Now, after I have ob- 
ſerved and entered the angle and bearing at the thir- 
teenth ſtation E, when I come to prove them, I find 


which 


„ . 


which brought me to tais ſtation; and when from 


the ſum 333 15% I have ſubtracted 8 20, the preſent 
bearing, I find the remainder to be 4519 15/, a 
number greater than the 360. Now as oft as this 
happens, I leſſen this number by 360 degrees, and 
ſo will the remainder be, as in this example, 91 15% 
the preſent angle exactly. 

Then entering the occurrences, I proceed to F, 
and in like manner from F to G, from G to H, 
from H to I, and then from I, the ſeventeenth ſta- 
tion, to K, thereby incloſing Woodfield. 

This done, I return to E, and there becauſe I can 
continue my length DE, right forwards convenient- 
ly, I enter © 13, I x80%%00!/, B. 353. 15. and then 
go on to V. | 

And then entering angles, bearings, and other 
occurrences, I proceed from V to W, and from W 
to X, the 20th ſtation, | ; 

Being come to X, and having entered > 234 
20/, and B 3072 40', then after I have added 1809 
oo! to the laſt bearing 20 oo/, I find the ſum 1822 
oo/ is leſs than 3072 40/ the preſent bearing: in 
ſuch caſes I always add 360 to the ſum 182, and 
then from the reſult, taking the preſent bearing 
3079 4@/, the remainder will be, as in this example, 
234 20/, the preſent angle. | 

Then I proceed to Y, and from Y to Z. 


Being come to Z, the 22d ſtation, in order to en- 


cloſe Long Mead, I go off to a, from æ to g, from 
5 toy; where, becauſe the ſeveral bends of the 
river cannot ſo commodiouſly be taken without it, 
from y I go off to à; and then from to e, from e 
to &, from 2 to u, and from » the 28th ſtation, to gz 
thereby incloſing Long Mead. And then return to 
Z. But obſerve that at ſtation 23 where the river 
falls in, the breadth ſhould be taken, and wrote in 
the field-book ; and in coaſting the river, is 
breadth ſhould be taken in ſeveral places, and 


marked 
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Marked in the field- book; alſo at ſtation 28 where 
the river ceaſes to be the fence, it muſt be notedz 
together with its breadth; the courſe of the river, 
0 way it runs muſt be likewiſe entered in the 
k 
Being come to Z, I find it convenient to con- 
tinue my length ſtrait forwards z and therefore under 
© 22, I write I 180, and ſo go on to q, from * to 


A, from A to x; and then in order to incloſe Butts 


Cloſe, I go off from x, the 3iſt ſtation to p, and 
p toc. | 
Then returning to x, I go on to A* the 33d fta- 


tion, and then, in order to cloſe the Home Cloſe, 1 


go off to B?, and ſo then to C?, and D-. 

| Returning then to Az, I go on to Ez, from Ez, 
to Fa, from F* to G2, and G2 to Hs, the ch 
ſation. | 

Being come to Hz, in order-to cloſe in Mottle 
Mead, I go off to I, from I to K, from K= to La, 

the 42 poſition, and from Lz to Mz, andſoi is Mottle 

Mead finiſhed. 


Then in order to incloſe Hazle Wood, I go from 


Lz to Na, from Na to the angle at F, and ſo is 
Hazle Wood finiſhed. 

Then J return to Ha the 39th Cr and thence 
go to Oæ, and from O= to P, the 45th ſtation. 

And now, in order to cloſe in Hazle Field, I go 
from P* to Q, and from Q to T. 

Which being done, I go from P? to R-, and 
from R. to Sa; and fo the whole is finiſhed as you 
find it in the field- book; and as far as relates to the 
field wor k. 

It remains to ſhew, how this work may be plotred 
without any regard to the memory ; nay, though it 


were ſurvey'd by one perſon how it may be plotted 


by another who never ſaw the land ; provided that 
the perſon who ſurvey'd it, hath ſtrictly obſerved 


the rules here laid down. And I do affirm; that 
any 
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any method of keeping a field-took; which lays a 
burthen on the memory, or by which, a perſon te- 
tote from the land, cannot plot it, is imperfect, 

and ought not to be practiſed. : 
But it may not be improper, to advertiſe the 
reader, that there is one thing abſolutely neceſſary 
to be taken notice of, in obſerving with any of the 


foregoing inſtruments, vis, that the plate muſt lie 


always parallel, or yery near parallel to the plan of 
the horizon. „ ; 
Likewiſe, he ought to allow for the difference 


between aſcending and deſcending lengths, when 


compared with the horizontal length. 

For it is evident, that the length meaſured up an 
aſcent, or down a deſcent, will be always greater 
than the horizontal lengths, which only are the mea- 
ſures that ought to be entered, either for caſting or 


for drawing the plans of any parcel of land whatſo- 


ever; fince theſe aſcending meaſures, it laid down, 
would crowd the adjacent ones out of their places. 

And ſince theſe things are required very frequent- 
ly, many times in going upon one aſcent, and con- 
ſequently ought to be performed in the field, in or- 
der to make a proper entry in the book, I would 


have the practitioner be provided with fuch a Theo- 


dolite, as will perform without compaſſes, rulers, 
ſectors, tables, &c. theſe uſeful practices, or without 


any further obſervations than what is required to take 


the angle only. Such Theodolites may be made, 
not only to perform theſe, but alſo to ſhew by in- 
ſpection, the height of any ſtanding ſtick of tim- 
ber, without any calculation, tho? the ſtick ſtood on 
level, riſing, or falling ground: Or the length of 
any arm out of reach; or height of any ſteeple cr 
aill: Or by it a level, proper for the conducting of 
water; very uſeful for all ſurveyors in general. 
Tho' J do deſign to give a ſpecimen of this 


improved inſtrument, hereafter, in al its conve- 
F niencies 


[ 66 “0 2 
nienckes, I could not paſs it by in this place, leſt 
the reader ſhould over-look it. 


In this place it will be proper to obſerve ſome 


particulars, which experienced ſurveyors have found 
neceſlary. 


In taking the Theodolite thro? a hedge, it ſomes 
times happens, that a thorn or ſprig, catching the 
horſe-hairs in the ſights, breaks them ; therefore 


the ſurveyor ſhould have ſpare horſe-hairs ready, 


and a piece of dry ſtick to cut a ſharp point, to 
fix freſh horſe-hairs to the ſights. Vie, 


In running the chain along a field where are many 
furze-buſhes, thorns, or other ſhort ſtuff, (or by 
other accidents) the links will be frequently bent, 
and tne rings opened, whereby the chain parts; in 
ſuch caſe, a ſmall hand-viſe, and a pair of nippers 
ſhould be ready, that the chain may be put together 
again, the rings cloſed, and the links ſtraitened: 
And leſt ſome of the links ſhould be broke, or the 
rings loſt, there ſhould be ſpare links and tings at 
hand. One of the chain- men may eaſily carry theſe 
articles in his pockets : And it will be proper that 
one of them ſhould every evening, or the morning 
before he goes into the field, examine the chain from 
end to end, and rectify what may be found amiſs. 


In cloudy dark weather, or towards the even- 
ing, the ſtation-ſtaves cannot be eaſily ſeen, unleſs 
at ſhort diſtances; and as it is much better on all 
accounts, to have them at long diſtances when that 
can be had, and is a loſs of time to ſet intermediate 
ſtaves; therefore if pieces of tin, or other white 
marks were ready to fx to the top of the ſtaves, 
the ſurveyor would find his account by ſuch pre- 
cautions. | 


It 


d c Ce Wi ts HOI 2 organs 
Nn e e 23 1 e S 8 N 
RE err Na 2 55 BE e R e W e - D 


N FD = EDI 
VVV 
N 


67 ] 

It often happens, that the glaſs which covers the 
bex is wetted by rain, miſt, dews, or your breath; 
now in wiping this off to ſee the needle, the glaſs 
by being rubbed becomes electrified, and thereby 
attracting the needle, prevents its free motion: It 
is neceſſary the ſurveyor ſhould be apprized of this, 
and that by touching the giais with his finger wet- 
ted, over the place to which the point of the needle 
adheres, it will be releaſed from the electrical attrac- 
tion, and move towards the poſition into which its 
magnetical virtue directs it. 


An induſtrious ſurveyor will not leave the field 
for a ſmall mizzling rain; and altho' he cannot then 
write in his book with ink, yet his obſervations may 
be entered with a black lead pencil, and theſe wrote 
over with ink when he returns to his abode. 


There are ſeveral things that occur in a ſurvey, 
which cannot with convenience be entered in the 
field- book by the foregoing directions, ſuch as, 
places where are many buſhes, pits, or other ob- 
ſtructions where the inſtrument and chain cannot be 
readily directed ; alſo the fite of houſes, barns, 
yards, ponds, Sc. Such things ſhou'd be entered 
in the field-book by a ſketch or drawing in the op- 
poſite page, and ſuch lines meaſured with the chain 
or off: ſet- ſtaff, as are neceſſary to furniſh the means 
of making a true plan thereof. | 
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To protraci the obſervations contained in the pre- 

c8taing Field-Book. 5 9117 

IRST, draw parallel right lines, as thoſe in 

T œhplate II. marked NS, repreſenting meridians 
or north and ſouth lines, at a diſt ance from one an- 
other, not exceeding the breadth of the diametrical 
part of the Protractor. 

Then picking out ſome convenient place to repre- | iN 
ſent the firſt ſtarion, as A; the field-book being 3 
open before me, I lay the center of the Prœ:ractor | 
on the point A, and the diameter parallel to the 

lines NS, and the beginning of the degrees down- | 
wards, becauſe the bearing is more than 180; then = 
againſt 327 degrees, I make a mark with my Pro- ' 
crafting Pin, to which I draw an obſcure line from if 
A, repreſenting the chain-line from the ſtation A J 
to the ſtation B. ie | 4 

Then to this obſcure line, I lay the edge of my 
Plotting Scale, the beginning of the diviſions co- 
inciding with A, and increaſing towards the next 
ſtation B, and becauſe the off-ſets, in the firſt length, 
are taken at the diſtances 65, 345, 520, 540, 800, 
825; therefore, againſt thgſe numbers on the ſcale, 
I make marks in the obſcureline cloſe to the edge of 


the ſcale. 


This done, I turn my ſcale perpendicular tothe 
obſcure line, and apply it ſucceſſively to theſe ſeve- 


ral points, and there prick off ghe lengths of the ſe- 
G 4 15 yeral 
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veral off-ſcts on their reſpective ſides of the obſcure 
line; fo at A, I prick off 20 on the right hand, and 
20 on the left; ; at the length 65, which is the next 

Point, I prick off 25 on the right hand, and 20 on 
the left; and at the next point, which is at the di- 
ſtance 345, I prick off 50 on the right hand, and 40 

chi the left; at the fourth point, which is at the di- 
ſtance 520, [ prick off oo to the left hand; at the 
fifth point, which is at the diſtance 540, I prick off 
50 to the right hand; at the next point, which is at 
the diſtance 80o, I prick off oo to the right hand, 
and 48 to the left; at the laſt point, becauſe no 
hs ſet: was taken, 1 lay none dowg, 
And now, if lines are drawn from point to point 
on each fide of the obſcure line, they will reꝑfeſent 
the ences as was required. But when the off ſet is 
oO, as in the fourth and ſixth diſtances, thoſe points, 
to prevent being over- looked, ſhould be marked 
with a black- lead pencil, or ſomething elſe, which 
may be eajly rubbed pur again. | 
At the ſecond diſtance, where we were 2gaioſt the 
ſouthi fences of Woodfield and Hale Spring, with a 
black-lead pencil draw two ſhort lines, cutting the 
lune, to devote that the ſouth fences come up to the 
dane, and will herealger be ol ule; in loſing thele 
Ots.. 
| ig Having thus Finiſhed my firſt 1 0 produce 
it, if pecthon' require from B. both ways, till it is as 
long each way as the Radius of the Protractor. Then 
I place the center of the Protractor on B, and thereon 
turn it about, hecauſe the degrees of the next angle 
are mare than 180, till the beginning of the degrees 
of che Prottactor are contrary to the laſt ſtation A, 
and the diameter coincident with AB. Then cloſe 
to the edge of the Protractor, right againſt 2020 45', 
j/make 4 mark with my Protracting Pin, and to it 
from B draw an obſcure line reproſcazing the chain- 


lize from B {0 C. bo The, of "FH 
TFT. ” Then 
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Then I turn the Protractor about, the center ſtil] 
coinciding with B, and becauſe. the bearing is more 
than 180, ſet the beginning of the degrees towards 

8, and the diameter parallel to the meridians ; and 
then, if you have truly wrought, the line BC before 
drawn, will meet the limb of the Frotrattor Hint 
304 150, the bearing of the line BC. 

But if it doth not, the line BC is not in its true 

poſition, and mii be corrected before you pro- 

ceed. 

Or thus; ; the center of the Premier coinciding 

with B, I turn it about till the beginning of the de- 
tees is towards 8, becauſe the bearing is greater than 

180, and till the diameter lies parallel to the me- 
ridians; and then cloſe to the edge of the Protractor, 
with my protracting Pin, I make a mark againſt 
| 3947 157, the bearing of the line DC, and to it from 
B, draw a ſtrait line repreſentihg the ſtrait line BC. 
T hen turning che Protractor about on the center C, 
and becauſe the angle there taken was 2020 45/, of 
more than 180, 'I turn the beginning of the degrees 
of the Protractor contrary to the laſt ſtation A, and 
the diameter to agree with AB; and then will BC 
meet the limb of the Protractor againſt 202 4% 
if the bearing is truly down. 

And thus the plot may be laid down by the bear- 
ings, and examined by the angles. 

Then to this obſcure line, I apply the end of my 
| Plotting Scale, the beginning of the diviſions — 
inciding with the preſent ſtation B, and the num- 
bers increaſing towards the next C; and then cloſe 
to the edge thereof, againſt 240, 250, the lengths 
where the off- ſets were taken, I make marks with 
my Protracting Pin. This done, I turn my ſcale 
perpendicular to the obſcure line, and at 240, [ 
prick off 1 zto the left hand, and againſt 250, which 
gives the point C, I prick off 10 the right hand, as 
ſhe field book directs. Now continuing the fences 
n 53% 64 8 5 es” „ nr I to 
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to theſe off-ſets, I ſhall have aniſhed the ſeond 
length from B to C. 
Ide ſecond length thus finiſhed, prodüse it, if 
occaſion require, from C both ways, till the length 
each way be at leaſt equal to the Radius of the Pro- 
tractor. Then I place the center of the Protractor 
on C, and becauſe the degrees of the angle at C are 
leſs. than 180, 1 lay the beginning of the degrees of 
the Protractor towards B, the laſt ſtation, and the 
diameter on BC. Then cloſe to the edge of the 
Protractor, with my Protracting Pin, | make a mark 
againft 1430 45/4 the quantity of the angle at C, and 
to it draw an obſcure right line Tam E, , repreſenting 
the line from C to D. 

Then turn the Protractor about, its center ſtill co- 
6 ding with C, becauſe the bearing is more than. 
180, the beginning of the degrees towards S, :and 
the diameter parallel to the meridians ; and then if 
you have worked truly, the line CD before drawn, 
will meet wich the limb of the Protractor againſt 
3405 304, the bearing of the line C0. 

But it not, the line CD is not in its true poßition, 
and mult be corrected before you proceed. 

From the laying down theſe two angles and bear- 
inge, it appears how errors often enn in prac- 
rice, may be prevented. | 

= n nnen obſerve herein are ee, VIZ. 


22 


nl lay the neter of the Protractor on that 
line which brought me to the preſent ſtation, where 
Fe angle, about to be laid n, Was taken. 


bas 4 Jay the beginning of the degrees of the Pro- 
tractor towards the laſt ſtation, When the angle is 
I-{s than 180 degrees but the contrary way, when 
the angle 1 is more. 


: 
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5 in laying ps or examining the Binds I 
jay the beginning of the degrees of the Protractor 
northwards, when they are fewer than 2 but 


louchwards, 1 more. : 

In like manner I Ing Joon ntl examine the angles 
and beatings taken at D, L, M, N. O. Q the 4th, 
3h, 6th, 7th, 8th, gth ſtations, and alſo the cor- 
reſponding lengths and occurrences. But in the laſt 
length QA, having at the length 830-1aid off an 
off. ſet of 43, it gives exactly that corner of Hazle- 
ſpring, which was noted down in the firſt length in 
the lane; which proves that the angles and lengths 


incloſing Hazle-ſpring, are truly laid down. But if 


the extremity of the laſt off-ſer in the length QA 
doth not coincide with the extremity of the ſecond 
off- ſet AB, both denoting the fouth weſt corner of 
Hazle-ſpring, the lengths and angles deſigned to in- 


cloſe the fame Hazle-ſpring, are not truly laid down, 


and therefore muſt be examined and corrected be- 
_ you proceed. 
Now 45 7, being marke wind 7, 4 3 
than 9, the number of the laſt ſtation, be- 
ing the next work noted in my field- book, I return 
to O 7 in draught, and there with MN, the 
line which I 18 immediately before I came to 
N, I make the angle MN R 162 45, and the be ar- 
ing NR 274% 45, as noted in the field- hook, and 
then proceed to lay down the off-ſets and other oc- 
currences, at their proper lengths and diſtances. 
Having finiſned NR, I find next following in my 
field- book O io, which becauſe it is greater than 8, 
the number which immediately follows 7, the num- 
ber of the laſt ſtation ; and becauſe I find no ſtation 
already laid down, marked with a number ſo great 
as 10, therefore I conclude, that the ſtation R, where 


| pow am, is to be numbered 10; and from thence 
proceed 
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proceed to lay down and examine che angle and 


bearing at R, as uſual. 
The rules J obſerve in theſe caſes are, 


1. To number with black lead all the ſtations I 
have already laid down in my draught, and alſo to 
expreſs thoſe numbers ſucceſhvely after one another, 
in a piece of waſte Paper, ch 1 examine as often 
as J pleaſe. : £20 AR 200 


2. If I come to a Ration whoſe number ak nat 
immediately ſucceed the number gf: the laſt ſtation, 
but is: greater than the greateſt of thoſe. numbers 
noted in my waſte paper by an unit; then at the ſta- 
tion now arrived at, I lay down and examine the 
bearing and angle with the line I meaſured imme- 
diately before 1 came to this ſtation. And this = 
tion 4 number as denoted in my field- book. 


K * 


1b; It I come to a ſtation, whoſe 3 doth not 
immediately ſucceed the number of the Jaſt ſtation, 
but is greater than the greateſt of thoſe numbers 
noted in my waſte paper by more than an unit, 
then ſome omiſſion hath aroſe in my waſte paper, 
and muſt be reftified before I proceed... 


4 And laſſly, if I come to a tation whole num- 
ber is already entered in my waſte paper, then I re- 
turn to that ſtation in my draught, and there lay 
down and examine the bearing and angle with the 
lice, meaſured immediately before k came to this 
ſtation the firſt time. ; 


Now the next renn meer t with i in my held- 
book, is again O 10; therefore again at O 10, I 
lay Gown and examine an angle and bearing, as 
noted in the field book, and then proceed to — 

| down 


151 
down the lengths andoff:- ſets of the line RS, as I 
find in my field- book. Yo. | 
Being come to 8, I proceed to T; and from T to 
P, there cloſing with the extremity of the off-ſet ac 
P, coinciding with the ſouth-weſt corner of Spring- 
cloſe, and the ſouth-eaſt corner of Hazle-ſpring. 
This done, I find next in my field-book © 4; 

therefore I return to © 4, and there proceed as my 
field-book directs, till I come to ſtation 133 and be- 
caule this is a number greater, by an unit, than 12, 

the number noted in my waſte paper, I number it 
13, and then proceed, as my field-book directs, to 
F, G, H, I, and K, there cloſing in Woodfield by . 
the extremity: of the off-ſers there laid down. 
This done, I next find © 13, and therefore, be- 
cauſe already entered in my waſte paper, I return to 
© 13 in my draught ; and then proceed as before 
ſhewn, till I have plotted all the occurrences men- 
tioned in my field-book : but the remaining part _— 
hereof I leave for the exerciſe of the reader. 
All houſes, barns, mills, or other buildings; alſo 

_ kilns, ſtone-pits, gravel-pits, ponds, watercuts, hills, 
hollow- ways, land-marks, bridges, roads, bridle- 
ways, foot-ways, ſtiles, remarkable old trees, and 
any other particular which the ſurveyor may meet 
with on the eſtate he is working in, ſhould be noted 
in the field-book ; and ſuch meaſures, and ſketches 
of them taken, as that they may be inſerted in the 
plan: for ſuch particulars being frequently referred 
to in old terriers of eſtates, their being accurately # 
delineated in a map, would aſcertain their poſition F 
and diſtance from other places; and thereby pre- 
vent ſome of the fatal conteſts that ariſe among 
neighbouring families. WE 
When all the particulars contained in the field- 
book are delineated or mapped, caſt up the contents 
of each incloſure, road, lane, waſte, &c: by the me- 


chods before ſhewn ; and write the contents, he" 
| Wit 
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with the name in each piece: let the plans of build- 
ings be ſhaded by lines drawn acroſs, and write the 
names of the neighbouring eſtates or pariſhes on the 
outſide, near the places where they bound the lands 
in your map; allo at the ends of roads and lanes, 
write where they lead to and from; and thus will 
che foul draught of the ſurvey be finiſhed. This 
foul draught may he transferred to your clean paper, 

archment or vellum, many ways; among wh hich 
the following one is eaſily practiſed. 

Take the ſcrapings of red chalk and black hand in 
equal quantities, mixed together; rub the black of 
the map with this powder, and then wipe off as 
much as will come away with gently rubbing a cloth 
over it: lay this coloured part downwards on the 
paper or vellum, faſtening them together with 
weights, pins, Fc. Then with a ſharp- pointed bod- 
kin or tracer, trace all the lines of the ſurvey, and 
the impreſſion of them will be marked on the vellum: 
take the foul draught off, and go over all the co- 
loured lines with a fine pen and Indian ink; and ſo 
will the draught be transferred. | 

Annex a ſcale of poles and yards, with a compa; 
allowing for the variation of the needle; alſo inſert 
the latitude of the church, manor-houſe, or ſome 
other noted mark; and embelliſh the map with ſuch 
other ornaments as are commonly introduced in 
works of this kind, 

Obſerve that the repreſentationof the hedges ought 
to be laid down on the ſame ſides of the fences, chat 
they are in the land; and to be broke off where 
there are to be the repreſentations of gates, Sc. 

There ought to be imaginary lines, both vertical 
and horizontal, denoted by letters placed at the top 
and bottom, ind alſo on the ſides, to be referred to 
by the table of references ; for the ready finding wy 
eld, or r parcel of land therein contained. 

8 Laftly, 


k þ 
+> 4 X? 


. E - 
Laſtly, I ſhall, in this place only add, that in 
all performances of this kind, errors, for the moſt 
art, ariſe from the defects of inſtruments, in the 


framing, dividing, and contriving. 


SECT. VIIL* 


O ＋7 2 new, certain " and expediti 04US method of 
not improved. 


Th the practice of ſurveying, it hath hitherto been 
found very difficult to make a large parceh of land, 
when it came to be laid down in a map, cloſe exactly 
with regard both to the lines and angles meaſured, 
eſpecially if it were mountainous and hilly ground, 
nay even a ſmall quantity of une ven land has often 
puzzled thoſe who otherwiſe thought themſelves ex- 
pert ſurveyors. Now this difficulty in cloſing the 
draught, ariſes chiefly from the following cauſes. 

Firſt, The not taking care to place the plane of 
the inſtrument truly horizontal or level, and which 
indeed it is almoſt impoſſible to do by the eye alone, 
eſpecially on the ſide of a hill; and tho? this may by 
ſome be thought of little ſignification, yet thoſe who 
have any knowledge in geometry, muſt allow, that 
very great and unavoidable errors will arife thereby; 
for it may be demonſtrated, that if the plate of the 
inſtrument dip but 2 degrees at right angles to the 
line of : obſervation, | and the hill deſcend ro de- 
grees, it will cauſe an error of 42 minutes in the 
This Section is part of Mr. 7Farner's Appendix to the 
ſecond edit ion of chis box. 1. 
2 angle, 
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angle, and the object will be thrown' out of its trije 
place 12 links in the diſtance of io chains ; and how 
great confuſion muſt this make in plotting the ſuc- 
ceeding angles which turn thereon as on a center? 
But if ſo conſiderable an error ariſe by miſſing the 
level only 2 degrees; neater than which I believe no 
one will pretend to place an inſtrument with by his 
eye, what egregious blunders muſt the practiſers 
with the plain table make, who, when they cannot 
ſee thro? the ſights of their inſtrument on an aſcent 
or deſcent, do commonly riſe, dip, or, as it may be 
properly Taid, twiſt the plane of their taBle more or 
leſs out of the level till they can ſee their objects? 

Secondly, The not making due allowance for the 
difference between the lines of aſcent or deſcent, and 
the horizontal lines, which are the only lines that 
ought to be laid down; and though it is a common 
practice on the ſide of a ſteep hill; to double the 
chain, and ſo in aſcending to make the leader hold 
the middle in his hand cloſe to the ground, while 
the follower raiſes the end by the ftaff in his hand; 
till he judges it to be ftrained on the level, and in 
deſcending, the leader elevates the middle by his 
ſtaff in like manner, while the follower keeps the 
end Cloſe to the ground; yet a true horizontal line 
can hardly be obtained this way, by reaſon of the 
ſwaying of the ckain; arid the uncertainty of keep- 
ing it in its due place. m0 29% I 

Thirdly, The plotting the angles by removing the 
Protractor from ſtation to ſtation ; in doing which, 
if we conſider the nicety requited1n laying the diame- 
ter of the Protractor, and the variation of the hand 
in pricking down the quantity of degrees and mi- 
nutes, and in drawing the ſtation · lines; we muſt al- 
low it to be à very difficult matter to protract ſo 
near as 10 minutes; whence; if there he a conſide- 
rable number of ſtations iri the circuit, the plot will 
rarely be found to cloſ as it ought, for an error in 
any 
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any one of the angles will be communicated to all 
that follow, and each ſucceeding ſtation will be 
thrown more and more out of its true place, as it is 
farther from the angle where the error firſt aroſe ; 
and though it be a good way to protract backwards 
as well as forwards, yet even that will hardly bring 
it to bear, unleſs the errors happen to counter- 
balance. WAI 

The foregoing are the principal cauſes that render 
it difficult to make a correct map; and they are 


now entirely ohviated by the New Improved 1 heo- 


dolite, as made by Mr. HRxATH, and the method of 


ſurveying and plotting hereafter deſcribed. 
_ Firſt, This inſtrument has a ſpirit- level affixed to 
the teleſcope, and another ſpirit-level at right angles 


thereto in the box; by means of which croſs levels, 
and the help of four ſcrews playing between two 


plates in the braſs head of the ſtaff, the plate or limb 

of the inſtrument is readily brought to a true hori- 

zontal ſituation. | LETS BT 
Secondly, The teleſcope, with croſs hairs therein, 


turns on an arch fixed to the index perpendicular to 


the plate of the inſtrument; the arch is of the ſame 
radius as the plate, and the teleſcope may be elevated 


or depreſſed thereon quite to a quadrant, or go de- 


grees. On this arch are graduated the degrees of a 
circle, which are numbered from the vertex either 
way, with 10, 20, Sc. and are cut by an index un- 
der the teleſcope, divided after Vernier's (commonly 
called Nonius's) Way, like thoſe on the limb of the 
inſtrument. Within the degrees are two lines num- 
| bered with 10, 20, &c. down to 100, and cut by 


the edges of the index; on the right whereof is 


grayed Elevation, and on the left Depreſſion. Theſe 
lines ſerve ta ſhew the altitude or depreſſion of any 
object in 100th parts of the diſtance at which the in- 
ſtrument is planted to take the obſervation, and are 


ulekul jn finding the heightof a tree in the m—— 


A 
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of timber ſtanding ; as alſo to find the altitudes of 
the ſeveral parts of a building in drawing the per- 
ſpective appearance thereof, as will hereafter be 
ſhewn. Below theſe are other graduations cut by 
the lower part of the index, which ſhew the diffe- 
rence between the hypothenuſe and baſe of any 
right-angled triangle, (the hypothenuſe being always 
ſuppoſed to conſilt. of 100 equal parts) and conſe- 
quently they giye by inſpection the number of links 
to be deducted out of each chain's length in going 
up or down any hill, for reducing, the hypothenuſal 
lines to horizontal. There are alſo plain ſights fixed 
upon the teleſcope to be uſed in ſhort diſtances, and 
for continuing the ſame ſtrajt line both ways from 
the inſtrument, as is neceſſary to be done in many 

Caſes. | „„ 
When the index under the teleſcope is ſet to oo 
at the vertex of the arch, and the two bubbles 
brought to the middle of their tubes, then the hori- 
Zontal hair in the teleſcope cuts an exact level, and 
the plate of the inſtrument becomes a true horizontal 
plane; and if the interſection of the croſs hairs be ſet 
to any object by moving the teleſcope above or be- 
low the level, the diviſions on the vertical arch will 
ſhew the elevation or depreſſion of the object: alſo, 
when the teleſcope is directed to any object, the in- 
ſtrument may be readily fixed ſo firmly in that di- 
rection, by turning a ſcrew under the center, that 
there can be no danger of being ſtirred by removing 
the index pn the plate towards another object, The 
degrees on the plate are divided fo accurately, that 
though they are cut by three indices 120® diſtant 
from one another, having Vernier's (or as vulgarly 
called, Nonius's) diviſions on each, yet the eye can 
perceive no inequality in the diviſions all round the 
limb, but whatever part of a degree the index under 
the eye-glaſs of the teleſcope cuts, the ſame will al- 
ways be found to be cut by the other two; _ Y 
alſo 
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alſo a ſmall index that ſerves to cut the particular di- 


viſions on the limb to be uſed for taking the breadths 
in a the perſpective appearance of any build- 
. The whole index, with the box fixed thereon, 
— round on a conical center without ſtirring the 
needle, and may be fixed to any part of the limb, 
by means of a ſpring and ſcrew adapted thereto. In 
a word, the entire inſtrument is contrived fo com- 
modious, portable and ſtrong in all its parts, that it 
is allowed to be the beſt of the kind ever yet made. 


Thirdly, In order to avoid any error that may 


ariſe in taking the angles in the field, or from pro- 
tracting them angle by angle, as has hitherto been 
the univerſal cuſtom, let the ſurveyor obſerve this 
following method, which for its readineſs as well as 


accuracy, will, no doubt, be preferred and pracliſed 


by all who wield excel in this art. 


The inſtrument being planted at the firſt ſtation, 


fix the index to 360 degrees on the limb, and ſer- 
ting the plate truly horizontal, turn it about till the 
ſouth end of the needle hangs over the Fleur-de-lys 
or 360 in the box, and fix it in that poſition by help 
of the ſcrew underneath; then diſcharging the index, 
turn that about, and direct the vertical hair in the 
teleſcope, to cut the ſecond ſtation; there fix the 
index to the plate again, and the ſouth end of the 
needle will ſhew the bearing of the firſt line, which 
will al be cut by the index on the limb, and is to 
be entered in the field-book, as before ſhewn. Now, 
when the inſtrument is removed agd planted at the 
ſecond ſtation, obſerve that the index hath not been 
ſtirred, and turning the whole limb about, direct 
the vertical hair in the teleſcope back to cut the firſt 
ſtation, fix the plate in that poſition ; then diſcharg- 
ing the index, turn it abour till the ſame hair cuts 
the third ſtation ; there fix the index to the plate 
again, and ſet down the number of degrees and mi- 
pptes 1 it cuts on the limb, which number will at the 
H 2 ſame 
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ſame time be cut by one end or other of the needle 

in the box, if there be no miſtake in the obſervation: 

proceed in like-manner at the third and all the fol- 
lowing ſtations, always remembering after you have 
rurned the plate about, and directed the teleſcope 
backwards, to obſerve that the index remains fixed 
at the degrees laſt noted in the field-book, ſo will 
the needle be always found to correſpond wich the 
index ſufficiently near, to diſcover and en any 
error in the work. | 

We have here added an example of part of the 
field-book of an actual ſurvey, wherein the angles 

were obſerved by the method above deſcribed and 
though there were 24 ſtations in the circuit, yet for 
proof, the inſtrument being planted again at the firſt 
ſtation, and the teleſcope diretted back to the 24th, 
the plate being fixed in that poſition, the index was 
diſcharged, and the teleſcope directed to the ſecond 
ſtation, and then the index cut the ſame number of 
degrees as was firſt ſet down in the field- book. 

When there is occaſion to return to ſome former 
Ration, in order to go off from thence for the clo- 
fing ſome Particular part, as in the following ex- 
ample, we return to ſtation 23. Enter the number 
of fuch flation again in the field-book, with a ſmall 
figure at the head of it, denoting how often the in- 
ſtrument has been planted at that ſtation, thus 2 3? 
denotes the ſecond time of planting the inſtrument 

at ſtation 23; then conſider from which ſtation you 
looked forwards tothe preſent ſtation 23, which was 
ſtation 22; ſcek in the field-book the bearing of the 
line between the ſtations 22 and 23, and fix the 
index to that number on the limb; then turning the 
plate about, direct the teleſcope back to the former 
ſtation 22, fix the plate in that poſition, and diſſ- 
charging the index, direct the teleſcope forwards to 
tlie next ſtation, and thence proceed as before; ſo 
ill the needle be always found to be a ſure cheque 
| ON 
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on the limb, the? the obſervations do not depend : | 


thereon; 


Note, The letters affixed to the numbers of the 
| ations in the following Field-book, are 
not to be uſed in practice, being here 
added only for the more eaſy referring to 
the plot, im deſcribing the new method of 
laying drwn, 


The plan to which the following Field-book re- 
fers, is in Plate III. By the mark * is underſtood 
an interſection, either acroſs a. gate or fence. When 
againſt an off-ſet is put the mark +, and another 


number follows it, it means that both the numbers - 


are to be laid off on the off- ſer line. Tr ſignifies 
an angle or corner. | 
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Now to protract the foregoing obſervations, thro? 
the middle of the paper deſigned for the draught, 
draw the right line NS for a meridian, Plate III. and 
therein chuſe a convenient point C, to which Jay the 
center of a circular Protractor, the diameter coincid- 
ing with the line NS, and the 360, or beginning of 
& degrees being towards N the north, fix the Pro- 
tractor in that poſition by laying a weight thereon, 
or pinning it down; then on the circumference of 


the Protractor prick down the ſeveral bearings noted 


in the field-book, numbering from the north eaſt- 
wards, or towards the right hand all round, and to 
each point affix the number of the ſtation to which 


it —_ a 


Chuſe a convenient place on the paper for the firſt 
Nation, as at A, and laying the edge of a parallel 
ruler to the center C, and the point marked 1, open 
the ruler till the edge cuts the point A, and thereby 
draw an occult line parallel to C 1, on which ſet off 
the firſt length (165) from A to B, the 2d ſtation; 
then laying the parallel ruler to C and the point 2, 
transfer it to B, and thereby draw an occult line, on 


which ſet off the ſecond diſtance (766) from Bro C, 


the third ſtation : Again, lay the parallel ruler to C, 
ard the point 3, transfer it to C, through which 
draw an occult line, and thereon ſet the third di- 


ſtance (520) from C to D the fourth ſtation. Pro- 


ceed in like manner all round, and if the work be 
true, the Jaft line will paſs through the firſt point; 


bur if it doth not, and the error ariſes by miſtaking a 


whole Chain or ſo, it may readily be diſcovered in 
which line it was committed by obſerving whether 
tae laſt point fall ſhort of, or beyond, or above, or 
below the firſt point with which it ought to co- 

incide. | | 
he only ſeeming difficulty that can ariſe in draw- 
ing the ſtation lines dy this method, will be to di- 
ſtinguiſn between an ipſide and an outſide angle, 
whough. 


[ 113 } 


though this can ſeldom be any obſtacle to the ſur- 
veyor who took the dimenſions, and who by the idea 
he has of the land, will, for the moſt part, remem- 
ber whether he turned off to the right or left at ſuch 
br ſuch a ſtation; yet, if he ſhould at any time 
doubt, as it may perhaps happen when he has fe- 
veral days work to protract, and a multitude of ſhort 
ſtations therein: Or, it any perſon who never ſaw 
the land, ſhould attempt to draw it out by the field- 
book, and find himſelf at a loſs about the quantity of 
an angle; ; then let him ſubtract the bearing at the 
next receding ſtation from the bearing at the pre- 
ſent ſtation in queſtion, increaſed by 360, if ſubs 

traction cannot otherwiſe be made, and the re- 


mainder gives the preſent angle; which if it be leſs 


than 180®, ſhews that the line flowing from the ſta- 
tion muſt be drawn inwards, but if more, outwards. 
Thus at © 17 noted with R, it might be doubted, 
whether the line from thence ſhould be drawn in- 
wards towards /, or outwards towards S; to ſolve 
which, from the bearing at the preſent © 17, 280? 
50!, ſubtract the bearing at the laſt © 16, 330: 2D's 
and the remainder 2470: 30/ being greater than 180 
co, ſhews that the line muſt be drawn outwards to- 
wards S; the ſame doubt might alſo ariſe at O 18 (S), 


but if Rom the bearing at O 18, 3470: 50%, we ſub⸗ 


tract the bearing at the laſt © 1 7, 2809: 50, the re- 
mainder 679: oo! ſhews it to be an inſide angle: 


Again, at © 19 (T) the bearing is 27®: 25/, to which 


add 360," abt ſubtract the bearing at the laſt O 18, 
3479: 50', and the remainder 299: 35! ſhews the 
preſent angle to be an inſide angle, and very acute. 
When the draught is ſo large, that all the ſtations 
cannot convenientiy be laid down about one center, 
the firſt meridian line may be prolonged, orcœnother 
drawn parallel thereto, in which the ſurveyor may 
make choice of a new center where he ſhall think 


molt proper, and round this he 1 may place his re- 
| maining 
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maining ſtations in like manner as before deſcribed 4 
and thus he may chuſe as many centers as he ſhall 
find neceſſary, but the fewer he can diſpence with, 
the beiter. 1 
Moreover, the bearings may be laid down by a 
ſemicircular protractor numbered, as it is commonly 
done, with a double row of figures to 360, which 
ſome may rather chuſe to uſe, becauſe the limb 
thereof may be turned wholly towards the light, that 
ſo the diviſions may be more advantageouſly ſeen; 
but conſidering the edge of a protractor is always 
made very thin, there can be no advantage gained 
thereby; beſides the circular one is to be preferred 
in that it hath twice the room, and conſequently, 
when there is occaſion for laying down a great num- 
ber of obſervations about the ſame center, they will 
be leſs liable to confuſion. Again, the degrees on 
the limb of the inſtrument and in the box, may be 
numbered only to 180, and then begin again with 
10, 20, Sc. to 180 more, by which means that 
end of the needle which is next the eye, will always 
cut the ſame diviſion in the box as the index doth on 
the limb, and there will never be occaſion to enter a 
bearing greater than 180 in the field- book; fo a 
ſemicircular protractor numbered with a ſingle row 
of figures, will ſerve to plot all the obſervations ; but 
then there will be this great diſadvantage (as well as 
the foregoing in point of room) that, ſhould the 
ſurveyor forget whether any angle was more or leſs 
than 1809, he could not readily diſcover which to 
make uſe of; and ſhould a perſon, who had never 
ſeen the Jand, go about to protract the work from 
ſuch a field- book alone, he guſt be gravel'd at every 
ſtation where the angle approaches near 900 or 270%, 
as not having any means whereby to diſcover on 
which fide it is to be formed, tho' this doubt may 
in ſome meaſure be prevented by noting the angle 
in the field by the mark T, or Y, according as it 
is 


1 3 

3 „ 

IB within or without; yet ſhould the furveyor put 
down a wrong mark, or forget to enter any (which 
may eaſily happen when a multitude of obſervations 
are to be taken, and the weather proves untoward) 
in ſuch caſe a great deal of time may be ſpent before 
it can be aſcertained whether the angle be internal 
or external, which is very readily known in the for- 
mer method; therefore hat muſt be the moſt pre- 
ferable, ſince it can never he ſubje& to any ſuch in- 
convenience: And the practice thereof will be found 
fo very eaſy to any perſon that underſtands the fore- 
going part of this book, that a farther explanation 
would be altogether needleſs, . — 
But when the ſtation lines ate plotted by the bear- 
ings, there never can ariſe any difficulty concerning 
which way the line is to proceed from the laſt ſta- 
tion; for as every ſtation line js to be drawn in a 
direction parallel to an imaginary line from the center 
of the protractor to the direction in its circumference 
marked with the number of the ſtatlon, therefore its 
poſition is naturally aſcertained by drawing the line 


in he. i... hn 

The figure in Plate IV. ſhews how the contents 
of the foregoing example of part of an actual ſurvey 
was caſt up; and here are likewiſe ſubjoined the di- 
menſions and calculations; whereby it may be ſeen, 
that notwithſtanding there are 10 ſeyeral pieces mea- 
lured ſeparately; yet when the whole plot was 
reduced to the trapezium MNOP equal thereto 
(by Prob: 10. page 8.) the content of this trape- 
z1um was found not to differ from the ſum of the 
ſeveral contents by half a. pole, a confirmation of 
the truth ſurprizingly near. 
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SECT, IX. 


Of furveying of 8 hoals and 8 ands, lets of 
24 New Theodalite. 525 bo 


＋ E RE are three methads 8 this may 
be performed; for the obſervations may be 
made either on the water or on the land. Thoſe 
made on the water are of two kinds, one by the log- 
line and compaſs (as in plain failing) meafuring tne 
courſe and diſtance round the ſand; and then to be 
plotted as a large wood, or any encloſure taken by 
the circumferentor. 

This method JI omit for two reaſons; fr, bes 
cauſe it is to be deduced from the writers of naviga- 
tion; and, ſecondly, becauſe the diſtances thus mea- 
fared are liable to the errors of currents, which ge- 
_ attends ſhoals or ſands, that are near. to the 

ore h 
Te ſecond method, where there are no diſtances 
to be meaſured on the water, tho? ſtill there is one 
inconvenience, common alſo to the former, becauſe 
the bearings or obſervations are to be taken on that 
unſtable element, (an error ſcarce mentioned by our 
practical artiſts) I ſhall bana hint at; and ſbo ra- 
ther chuſe a third, which is liable to neither of theſs 
imperfections. 

Let (in fig. 30) a boat be manned out with a ſig- 
nal flag, a log and line, lead and line, and to ob- 
ſerve the bearings or any land-mark, a ran. 
with ſights: 

Take two or more places, as A, B, C, on the 
ſhore, from whence the boat may be ſeen on the 


ſeyeral parts of this thoal. 
* 4 One 


: | xa } | 

One of the boat's crew is to ſound till * finds 
himſelf on the edge of the ſand, by the depth of 
Water, and then o come to an x z Which he is 
to ſignify to two perſons on the ſhore, at B and C, 
by his ſignal. And then from theſe known land: 
marks, B and C, the obſervers are to take the bear- 
ings of the boat, and to regiſter their obſervations ; 
which, when done, they are to ſignify to the crew 
by waving a flag, or by ſome other ſignal. 

And: in the mean time, to prevent Miſtakes, let 


the crew take the. bearings of each of theſe land- 


marks: Then weigh anchor, which ſuppoſe at D. 

Then by ſounding, praceed to E, and make like 
obſervations. And a at E, F, G, Ge. till you have 
ſurrounded your ſand. | 

And if in this proceſs, you are about to loſe the 
ſight of one of your land. marks, ſuppoſe C, let your 
aſiſtant at C, who, at that time, will alſo be about 
to loſe the ſight of the boat by ſignals {before-hand 
agreed on) remove to ſome other object before- hand 
agreed on, ſuppoſe to H; and then to proceed as 
belore. 

Laſtiy, if the ſand runs ſo far out to ſea, that the 
object cannot be ſeen by the boat, nor the boat by 
the obſerver. on ſhore, there may be rockets fired 
by the boat's crew, and alſo by the obſervers on ſhore 
in the night, whereby thoſe bearings may be taken 
almoſt at as great a diſtance as tne light can be ſeen. 
For ſuppoſing they rife but a quarter -of a mile above 
the apparent horizon, its ſtay will be about 9 ſe- 
conds, and its diſtance for this . of a mile will 


be viſible about 44 miles. 


But rockets riſe much higher, and then the di- 
ſtances are much greater, whereby. they are vi- 
ſible. 

Or cw boats may lay at anchor inſtead of 5 


land! Marks, and then yau may work 2s. before. 
5 N ow 


* 4 * 
n : 
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Now, ſince the land- marks B and C are fixed, 
their poſition may be laid down in the draught, as 
in common ſurveyingy by plotting the diſtance "og 
rween Band C. And then, by plotting the line 
BD, and the line DC, according to their poſition, 
their common interſection *% give the point D. 
And in like manner E, F, G, Sc. may be plotted; 
and fo the ſhoal : And this from the bearings taken 
at B and C. 

If this be a ſtanding lake, environed by bogs, not 
to be walked on, the obſervations at D, E, F, Sc. 
by taking their oppoſites, may ſuffice to plot the 
ſame from the land- marks A, B, C, Sc. as well as 
thoſe taken on the land; or, indeed, by the courſe 
and diſtance, as in navigation, if the water be 
ſmooth and without a current. 

In ſea-ſhoals, it is convenient to note at each abi 
ſervation the depth of the water found by the lead, 
and the drift and ſetting of the current by.the log 
and compaſs, while the boat is at an anchor, which 
may be done with eaſe and expedition enough. For 
while the boat ridgs at an anchor, her ſtern points 
out the ſetting of the current, and the log and glaſs 
will meaſure its drift. 

And theſe ought ta be noted on the draught, 

which may be thus: 
The currents may be ſhewn, by drawing: a dart 
pointing out its ſetting, and its drift by the Roman 
capital letters, and the n of water voy the ſmall 
figures. 

All nocturnal obſervations ought to be ſeveral 

times . mg a 


SB 


97 Water Levelling, or 1 conduct ing | El 
Wi ater, 


HE Art thing neceſſary to Gabin daes is 

the adjuſting of the level, which may be per- 
. — ſeveral ways: This that follows 1 is very _ 
and natural. 

Chuſe fome ground dick i is not Ab 4 or 5 feet 
out of the level, for the diftance of 8 or 10 chains 
length, and fu uppoſe i it to be AB (fig. 31.) and find the 
middle between A and B, which ſuppoſe to be C; 
plant the inſtrument at C; direct the tube to a ſta- 
tion-ſtaff, held up at A, and elevate or depreſs the 
tube, till the bubble is exactly in the middle of the 
diviſions; then by ſignals direct your aſſiſtart at A, 
to raiſe or depreſs the vane, ſliding on the ftation- 
Raf, till the horizontal hair in the glaſs, cuts the 
middle of that vane; then ſee how many feet, inches, 
and parts, are cut by the upper part of the vane, 
which ſuppoſe to be 3 feet 4 inches, and 6 tenths. 
In like manner direct to the other ſtaff at B, and 
ſuppoſe the upper edge of that vane to cut at the 
height of 6 feet 5 inches and two tenths ; then will 
theſe two vanes be on a level. | 

From 6 feet gj. 2 inches ſuhtract 3 fret 4, 6 inches, 
and reſerve the remainder 3 feet o. 6 inches. 

Now, remove the inſtrument as cloſe to the higher 
Kation-itaff as ycu can; fo that the middle of th 
releſcope may almoſt touch ir. Then bring the te- 
tefcope as near to 2 level as the Judgment of the 70 
vil direct. 


ere 
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Meaſure from the ground, the height of the top 
of the teleſcope; and alſo of the bottom, in feer, 
inches, and parts: Suppoſe them to be 4 feet 10. 5 
inches, and 5 feet o. 3 inches; then half the ſum 
of theſe heights 4 feet 11. 4 inches i is the height of 
the center of the glaſs; and to this add half the 
breadth of the vane, which ſuppoſe to be 1 inch and 
5 tenths, and to the fum 5 feet o. 9 inches; add the 


preceding remainder 3 feet o. 6 inches; then let the 


erſon at B move his vane, till the upper edge cut 
8 feet 1. 5 inches, the ſum of the preceding num- 
bers. 
Now, ſo elevate or FRM? of the hair or the bubble, 
till the hair cut the middle of the vane at B, and at 
the ſame time the bubble ſtands in the middle of the 


diviſions; and then yill the inſtrument be duly ad- 


juſted. 

If you have a mind to be curious, repeat the ope- 
ration; but when you place the inſtrument at C. 
turn the tube at right angles to the line AB, and 
there ſet it level; then proceed with the repetition 
of the work. Only obſerve to croſs-level it in this 
adjuſtment, and in all future uſes whatſoever. | 

Or the level may be adjuſted thus: As before; 
firſt 1 oo the inſtrument in the middle between A 
and g. 32.) and obſerve the heights on the ſta- 
tion- 1 which ſuppoſe to be as above; and con- 
ſequently their difference, as before, is 3 feet o. 6 
inches. Now meaſure from C towards 12 higheſt 
ground A, ſome diſtance that comes almoſt to A; 
ſuppoſe 4 chains to D, and DB will be g chains, 


and DA one chain: Then plant the inſtrument 


at D, direct the teleſcope to A, and, ſetting the 
bubble to the middle of the diviſion, direct your aſ- 
ſiſtant to move the vane, till the hair cuts the middle 
of it; and note dawn the feet, inches, and parts 
cut by the upper edge. af the vane; which ſup- 


pgſe to be z feet 8, 4 inches: To this add the diffe- 


—— 


rence 


1 
rence 3 feet o. 6 inches, and the ſum. 6 feet 9 in- 
ches reſerve. 

Now direct the teleſcope to the ſtaff at B, level it, 
and direct your aſſiſtant to move the vane, till the 
hair cuts the middle thereof; and then, if the 
upper edge of the vane cuts the foregoing ſum 6 feet 

inches, the hair and bubble are truly adjuſted. But 
if not, fay, As BD wanting AD, is to the diffe- 
rence between the numbers cut by the upper edge of 
the vane, and the number 6 feet inches; ſo is the 
diſtance AD to a number, which added to that cut 
by the vane, when leſs than 6 feet 9, and ſubtracted 
from the nymber cut by the vane, when it is greater 
than 6 feet 9, will give a number, to which let the 
aſſiſtant fix the vane; then ſo elevate or depreſs the 
hair or the bubble, tilt the hair cuts the middle of the 
vane at B, and the bubble ſtands in the middle of 
the diviſions ; for then the level will be adjuſted. 
The operation may be again repeated, and at every 
ſtation croſs-levelled, which will confirm the former 
adjuſtment. 

After the inſtrument is duly adjuſted, you may 
Rel to uſe it. Let the example be this annexed, 
(fig. 33.) where A every where repreſents the level, 


and E the ſtation-ſtaves ; and ſuppote the rout be 


made from a to e; firſt plant the inſtrument between 
tne ſtation- ſtaves a and b: at A direct the level to 
2 B, bring the bubble to the middle ot the diviſions, 

and inſtruct your aſſiſtant ſo to place the vane, that 
the hair in the teleſcope cuts the middle of the vane; 
then in a book divided into two columns, the one 
intituled Back Sights, the other Fore Sights, enter 
the fect, inches, and parts cut by the upper edge of 
the vane at aB, in the column intituled Back Sights. 
Then look towards the other ſtaff b B, brick the 
bubble to the middle of the diviſions, and direct your 

aſſiſtant to place the vane ſo, that the hair cuts the 


middle of the vane; then enter the feet, inches, ard 
parts 
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parts cut by the upper edge of the vane, in the co 
jumn of Fore Sights. 1 "wg 

Now, plant the inſtrument at As, ſtill keeping the 
ſtaff Bb exactly in the ſame place, and carry the 
ſtaff a B forwards to the place c B; now look hack 
to the ſtaff b B, and enter the numbers cut by the 
vane there, under the title Back Sights; then look 
forwards to B, and enter the obſervation under the 
title Fore Sights. Do the like when the inſtrument 
is planted at A3, As, Fc. always taking care to keep 
the ſtaff in the ſame place when you looked at it for 
a Fore Sight, till you have alto taken with it a 
Back Sight. 

Having finiſhed your level, add up the column of 
Back Sights into one ſum, and the column of Fore 
Sights alſo into one ſum, and the difference between 
theſe ſums is the aſcent or deſcent required. And if 
the ſum of the Fore Sights is greater than the ſum of 
the Back Sights, then e is lower than a; but if the 
ſum of the Fore Sights 1s leſs than the ſum of the 
Back Sights, e is higher than a. For example-ſake, 
let the numbers be as in the following table: 


Back Sights. Fore Sights. 
| Feet. Inch, Tenths. Feet. Inch. Tenths. 

„ 8 414 „ 8 

44ͤͥ kͤ ̃ „ 

——Z 4 1 

9 . 5 '9 O | 8 6 7 7 8 

„ N 

24 2 38 : 
2 6 

„E 13ͤ * 

Hence the deſcent is 13 4 „ 
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Now follow ſome obfervati ons well worth notice: 


I. If the ſum of the diſtances in taking the Back 
Sights, is equal to the ſum of the diſtances in taking 
the Fore Sights, all the minute errors of the inſtru- 
ment will mutually balance and deſtroy each other. 


II. And if the diſtances thus taken are ſhort; the 
curvature of the earth may be rejected. For, if the 
diſtance from the inſtrument be every where about 
100 yards, all the curvatures in a mile's work will 
be leis than half an inch. : 


III. If the diſtances from the inſtrumetit to the 
hindermoſt ſtaff, be every where equal to the diſ- 
tance from the inſtrument to the correſponding 
ſtaff, the curvature of the earth, and the minute 
errots of the inſtrument will both be deſtroyed. 


IV. If the diſtances of the inſtrument from the 
ſtaves, be very unequal and very long; the curva- 
tures muſt be accounted for, and the diſtances, in 
order thereto, muſt be meaſured, either by. pacing, 
by a chain, or a wheel. þ a 


V. For the more ready allowing for the curvature, 
you may obſerve, that the curvature for one mile; 
taken at one obſervation, is extremely near to 8 in- 
ches. And at all other diſtances, it is as the ſquare 
of 1 mile is to 8 inches, ſo is the ſquare of any other 
diſtance to the allowance for the curvature; that is, 
Multiply the fquare of any diſtance whoſe meaſure 
is taken in miles, by 8, and the product will give 
the allowance for the earth's curvature in inches: 
This curvature is always to be ſubtracted from the 
numbers taken off the ſtarion-ftaff, Or if the di- 
ſtance be leſs than a mile, and taken by the _ 

pole 
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pole- chain: Square the chains, cut off 2 places to 

the right-hand, and divide thoſe to the left by 8, 

and the quotient ſhews the inches and parts of inches 

to be. allowed for the eurvature. Suppoſe the di- 
ftance be 30 chains; then the ſquare of 30, that is, 
9oo, when 2 places are cut off, gives 9,00 or 9, 
which divided by 8, gives one inch and 125 thou- 
ſandth parts of an inch. 0 


VI. If theſe diſtances were taken by pacing, ac- 
counting 25 to the chain, the curvature may be 
found thus; Square the paces, and double it, cut 
off 6 places to the left-hand, and thoſe to the right 
are the inches of curvature: So, it the paces were 
900, then from 8 tocoo multiplied by 2, that is, 
1620000, cut off 6 figures, and you have 1.62, the 
curvature to be allowed. To ſave the trouble of 
continual calculations you may uſe the following 
table, wherein the diſtances are in chains, and the 
allowance in inches, and 1ooth parts of an inch. 
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| | Diſtan. | Allowance | Diſtan. | Allowance 
| Chin | Tiches _— Chain | Inches | 
| 3 * "_ — 
x , 00128 27 (0, 91 2 
| 2 | 0,005 | <1 0,98 | 
| 3 fozori2g | 29 |1,095 | 
| 4 | 0,02 ige Ky TT: (ict 45] 
| 5 0, 03 . 
| 6 | 0,04 7:72 %% „ | 
7 0,06 | 33 1, 35 24 
| 8 | 0,08 84 1,44 | 
V„„ 4-35 188-2 
| — 36 ä %%% ĩ˙ | 
. — — — — 
11 (o, 15 D | 
| 12 [, 18 38 1,80 | 
13 0, 21 99 449+-7 5 
[ 14 | 0,24 | 40 | 2,00 | 
15 | 0,28 PT 
1 
| 16 | 0,32 50 312 | 
17 o, 36 55 3,78 
| 18 | 0,49 60 | 4,50 . 
109 | 045 83 
20 | 0,50 78 6,12 
210,55 9 75 7703 
| 22 O, 00 | - 80 | 8,00 
[- ag 0.67. -- | 85 | 9,03 
F #4} | 0,72 90 1% 1 
2 1 0,76 | 95 | 11,28 
= 207 LOS4 100 12, 50 


” VII. Therefore it appears, that the beſt method 
to take a level, is to meaſure the ſeveral diſtances 
from the inſtrument to the back and forward ſtation 


ſtaffs; and enter them in the field-baok, according 
to 


1129 
to the titles of their ſeveral columns, as in the fol- 
lowing example; and. correct the heights from the 
table of allowances; wich may be done at home, 
when you are about "= ſum T7" the heights. 


2 


Laſtly, Though ae we have conſidered the 
level with one teleſcope only, the ſame obſervations 
may be applied to a level with a double teleſcope ; 
and I would adyiſe thoſe who uſe the double tele- 
ſcope, at every ſtation to turn that end of the tele- 
ſcope towards the ſpring, which before was the con- 


trary way. 


Backwards. As: hg Cad " Forwaxds. * LY 
'Diftan, Height. Corrections. if 8 e | Height. Corrections. 
Links. | Inches. | Inches. 1 Links. : Inches. | 2 

370 3,28 3,24 | | 418 4.36 4334 
430 6,10] 6,08 | 328 7,18 7,17 
760 6,38] 3,31 ] 289 6,75] 6,67 
5844 75 21 | | 539} 9531 9950 
320} $15] 0,14 | - 485 11,25|11,22 
65810, 25 10,20 376 8,65 8,63 
330 6,32| 6,29 22910, 3410,28 
3658 „ 46, 1+ 3146 157,81 
68,04 | | 9 11,34 


So that the fall i in 68 chains i is about 11 inches 
zud one-third of an inch. 
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SECT. I. 5 
Of Coroprs. 


_— 


T is not Fan while to ſpeak of * preparation 
of colours, becauſe they may be had rea Pre- 
pared, at almoſt every colour-ſhop and fan- painter S, 
Sc. Nor to mention but as many as are neceſſary 


and moſt fit for the ſurveyor. I judge thoſe to * 
foe beſt, which are moſt tranſparent. ts 


And for portability, 1 think liquids i improper ; ; 
therefore would rather chuſe thoſe colours, which, 
before tempered, are dry ; whether in powder, or in 
umps ; And ſuch ag require no other liquid to mix 
with them 4 {than what is fo be had ag where) 


013, fair Water. 3 


For- Gum Water, with which many Wals are 
mixed, is made by barely ſtceping Gum Arabick 


in fair Water. 
| 


Parmick, a powder, mixed with Gum Water, is a 
beautiful red; may be ſhaded with ſome of the 
ſame, mix'd ſtronger; or with any reddiſh brown, 
or any ſadder red. 


Carmine is chiefly uſed for drawing of * lines 
to 4 Alb c the walls of gardens or other places; 
and allo to colour the Plans of buildings. | 
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Ultramarine, a Alte, . 10 with Gum Water, 


3 maſt valuable blue to ſhew ponds, lakes, 
rivers, 
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rivers, &c. it may be ſhaded with Indigo Corns 
ground with fair water on a white tyle, by the preſ- 
jure of a knife's point, and then mix'd with Gum 
Water. N 


Red challc, a lump, fometimes called French 
Chalk, gtound by rubbing” it on a tyle with fair 


. ! 


water, and afterwards 'with Gum Water, ſlightly 
Jaid on, is proper to repreſent roads and pits; and 
and is ſhaded by itſelf more ſtrongly mixed. 


Sap green, ſteep'd in water, is of itſelf a good 
green to colour trees. 


Verdigreece, in lumps, diffalved in vinegar, or in 
water, makes a greeniſh blue, or ſea-cglour, very 
_ tranſparent. 


 Gumbooge, in lumps, ſteep'd in fair water, pro- 
duces a beautiful and tranſparent yellow. 


Yellow berries, ſteep'd in fair water, a yellow. 


Verdigreece diſſolved, mixed with Gumbooge, or 
yellow berries, in different proportions, produces 
different, greens, inclining either to the blue or yel- 
Jow, according to the quantities of either uſed. 


Indian Ink is uſed in drawing the firſt lines of a 
draught, and in ſhading. of hills and deſcending 
grounds : A proper quantity of it may be liquified 
when wanted, by putting a few drops of water on 
a cake, and rubbing it with the finger until the co- 
lour is as deep as deſired, 5 


But there muſt be care taken in the uſing of In⸗ 
dian ink, vjz. to have three or four different tints 


of colour prepared, of which the fainteſt is gr” 


K 2 
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Kid on firſt, and ſo proceed to the deepeſt tint 
alſo not to cover too great a ſpace at once; for i it 
the margins are not ſpeedily waſhed off, the ink 
will dry in ſtreaks and ſpots, and look very ill. 


Colours are laid on with hair-pencils; thoſe fit 
for moſt uſes, are about the ſize of a common wri- 
ting quill, and the length of the hair, without the 
quill, not to exceed ＋ or ſeven tenths of an inch: 
In chuſing them take ſuch only as, when wetted 
either in your mouth, or in water, will, by ſtroking 
them acroſs your finger, form a fine point, and are 
very ſpringy : And as moſt pencils have a hair or 
two at their point longer than the reſt, theſe may 
be taken off, by gently drawing the point, when 
the hair is wet, once through the dong of the 
flame of a candle. 


In the uſing of theſe pencils, it will be found 
convenient to have them fixed on ſmall ſticks about 
ſix inches long, one on each end; whereof one is 
to be uſed with colour, and the other with fair wa- 
ter, to lighten the margin of the colour, whereby 
it is inſenſibly graduated till it vaniſhes into ne 
colour of the paper. 


All colours are ſhaded by others of the ſame 
ſorr, but of a ſtronger tint : and the manner in 
which they are uſed with the moſt facility and ſuc- 
Eels, is better gained by ais ;han * precepts, 
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SEC. i 

A farther uſe of the Theodolite (as now im- 
proved;) conjointly with. the uſe of a Sliding- 
Rule aptly divided , to meaſure timber, either 
round, or hewn to a ſquare, or unequally 


ſquared. Alſo how to allow for aſcents or 
aeſcents by finding the horizontal lines. 


＋ TY principal difficulty i in ufing chi Sliding- 

Rule, is, in juſtly diſtinguiſhing the value of 
each diviſion, And in order to this, it may be ob- 
ſerved, tliat the diviſions on this rule, may be diſtin- 
guiſhed into three orders, Sc. the longeft, the 
mean, the ſhorteſt. And theſe different marks di- 
ſtinguiſk the value in a ten- fold proportion, in the 
ſame manner as the places of a number is diſtin- 
guiſhed. 

So that, if the longeſt repreſent hundreds, the 
mean will repreſent tens, and the ſhorteſt units. 

And if the longeſt repreſent tens, the mean will 
teprefent units, and the thaweh tenth parts. 

Alfo, if the longeſt repreſent thoufands, the mean 
will repreſent hundreds, and the ſhorteſt tens ; and 
in this caſe, the units mult be eſtimated by the eye, 
in judging at divifions, only ſuppoſed to be drawn, 
becauſe there is not room enough. 

The longeft diviſions are generally numbered by 
the figures 1 Sc. and when they are 
numbered chus I, 2, 3, 4, 5» 0, 7. 8, 


„% en GT; the line is called a double one. 


And when che longer diviſions are in number only 
8 K 3 : cen, 
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ten, and numbered 1, 2, 3, 4, 5» 6, 7, 8, 9; 13 or 
numbered 5, 6, 7, 8, 9, 10, 20, 30, 40, 50; or 
broken, ſo as to begin at any other number, ſo az 
to contain only ten long diviſions; the line is 
called a fingle one; and theſe ate called Gunter's 
lines, from the name of their author, 

But we may obſerve, that although theſe divi- 
fions repreſent equal diſtances, yet, from their uſe, 
they cannot be ſo. Nor will they be eaſily capable 
of an equal number of diviſions, in different parts 
of the rules, either of mean, between the longeſt, 
or of the ſhorteſt between the mean. 

But in order to make this eaſy, here follows an 
explanation of the diviſions laid down on the Foot 
Sliding-Rule, which may eaſily be applied to other 
rules of greater length, where the multitude of the 
intermediate diviſions may be greater. | 

On the flider are two of theſe double lines, both 
alike; one of which moves againſt-the fixed line 
above, which is exactly like to either of the 
other; and the under moſt line on the ſlider moves 
againſt a ſingle line, beginning with the numbers 
5, 6, Sc. and going on to 50. poet” 

If the firit 1 be called an unit, the following 
numbered diviſions, till you arrive at the middle 
1, will be units; and the mean diviſions will be 
tenth parts. | 

If the firſt 1 be called ten, the figures 2, 3.4, Se. 
immediately following it, will denote 20, 30, 40, Cc. 
And the mean divilions, that is, the next longeſt in 
order, will denote units; the fifth of which is, fac 
diſtinction, made longer than the reſt: And from 
IO £0 20, between each of theſe mean diviſions, the 
ſhorteſt denote each two tenth parts, becauſe the 
diſtances between the mean diviſions, are divided 
into five parts; but i} the diſtances between theſe 
mean divitons were vided by ſhorter lines into ten 

. | parts, 


parts, wllich is ſeldom done on rules ſo ſhort, eadli 
would repreſent one tenth part. 

In like manner from 20 to 30, that is, between 
the diviſions marked 2 and 3, the ſame order fol- 
lows ; ſave that the diſtances between the mean di- 
viſions (becauſe of their nearneſs to one another) are 
divided into two parts only; and confequently each 
of theſe ſhorteſt diviſions will denote five tenth 
parts; and the eye muſt eſtimate the other tenths 
not cut, but ſuppoſed to be cut between them: 
tho? in larger inſtruments, even here, and elſe- 
where, the ſhorteſt diviſions may be as many as 
thoſe between the to and 20. ED 
This laſt multitude of diviſions, uſually continues 
to 40, 50; or perhaps farther, and are to be read 
as thoſe between 20 and 30. 3 

But where the longeſt diviſions become cloſer to- 
gether, as generally they do; between 80 and go, 
and between go and 100, which, on the ſcale, is 
denoted by the digits 8, 9, 1, there are but two or- 
ders of ſub-diviſions; the greateſt ſtill keeping the 
ſame degree, and the other the next lower degree. 
And in this one example, the figured diviſions de- 
note tens; and the othet units. 

But when the firſt 1 is called 100, then the fi- 
gured diviſions will be accordingly 200, 30, 400, 
Sc. The mean diviſions, or thoſe the next ſhorteſt, 
will denote tens. The ſhorteſt between 100 and 
200, where the diſtance between the tens is divi- 
ded only into five parts; I ſay, the ſhorteſt here will 
denote two units each of them; and the middle 
between theſe, will denote the ſingle units; which, 
if there had been diviſions, as in large inftruments, 
would haye been denoted by thoſe diviſions. 
hut from 200 to 3oo, from 309 to 400, and from 
400 to 500, the diſtances of the diviſions repreſent- 
ing tens, are divided only into two parts, and con- 


quently, each of theſe ſhorteſt diviſions muſt re- 
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preſent five units; and all other units, either more 
or leſs than five, muſt be eſtimated by the eye, by 
ſuppoſing each of theſe diſtances cut into five parts. 
Nevertheleſs, in larger inſtruments, theſe diviſions 
may be cut and eſtimated as before ſhewn. _ 

Towards the latter end of the line, the diviſions 
on theſe ſhort lines are ſo. near together, that they 
ſcarce admit of three orders of diviſions, and con- 
ſequent]y (ſuppoſing the longer diviſions to denote 
hundreds, as in this example) the units muſt be 
eſtimated by the eye. | 8 
And in like manner, if the longer or figured di- 
viſions denote thouſands, the lines of leſſer length 
will denote hundreds, the next inferior tens, &c. 

But becauſe, by inſpection, on this rule it wlll 
appear, that more than three places cannot be di- 
ſtinctly eſtimated; and, that thoſe. are ſufficiently 
exact for. all the uſes it 1s deligned for, a farther 
diviſion, and conſideration thereon, are omitted. 
If the firſt 1, that is, tae beginning of the firſt 
line, denotes a unit, then the middle 1, or begin- 
ning of the ſecond line, denotes 10, and the laſt x 
denotes 100. „ 
So, if the firſt 1 denotes 10, the ſecond 1 denotes 
100, and the laſt 1000. | 

In like manner, if the firſt 1 denotes 100, the 
ſecond denotes 1000, and the laſt 10, ooo. | 

And fince, when the value of the firſt 1 of any 
line is known, the value of the other figures and 
diviſions are known alſo ; therefore the latter line 
is to be read by the former directions. And thus are 
theſe three double lines to be read, as has been 
ſhewn for the former. | | 

But the ſingle broken line, which is on the faxed 
part of the leg of the rule, is not to be conſidered 
in this arbitrary manner. ESE 

For the longer diviſions have affixed to them their 
values, which ought to be conſidered as e 
unleſs 
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anleſs in ſome particular neceſſities hereafter to be 
taken notice off. 

From the beginning of this Une, to ie diviſion 
marked 10, the diſtances" of the longer diviſions, 
which are numbered 3, 6, 7, 8, 9, 10, are divided 
into 10 parts, by mean diviſions; and therefore, 
theſe mean diviſions denote tenth parts. And theſe 
mean diviſions are each ſubdivided by one ſhort line, 
each denoting therefore half of one tenth. 

From 0c to the end of the rule, the diſtances be- 
tween the longer diviſions are each divided into 10 
parts, and tliere fore each denotes units. And the 
| diſtances between the units are each divided into 4 
parts; therefore each denotes one fourth part of an 
unit. 

In the A ad * 10 diſtance between the 
at the beginning, and the x in the middle, be 
called the firſt ſcale; and the diſtance between that 
in the middle, and the 10 at the end, be called the 
ſecond ſcale. The uppermoſt of theſe double lines 
is marked with the letter: A, the next with B, the 
third with C, and the undermoſt, which is alſo 
called the girth- -line, with D. 

On the lines A and B, in the ſecond ſcalls; there 
are placed the ſmall figures 12, denoting an index 
fixed, tho” the value o the diviſions ſhould vary. 

And, on the girth-line, againſt 12, 1s generally 
a hand or index for the Ike uſe. | 
The two upper lines are generally uſed for caſting 

up the ſurfaces of planks. 

The two under ones for finding the ſolidity of 
timber. 

Having thus far deſcribed and explained the read- 
ing of this rue, I ſhall proceed to ſhew its uſe in 
meaſuring planks and timber. Bue hall firſt ſhew 
the cuſtoms uſed in taking their dimenfions. 


And 


n 

And firſt for planks; the buyer hath the liberty 
of meaſuring the dimenſions on that . fide of the 
plank he judges molt advantageous to himſelf; 

Then the length is meaſured either with two two- 
Feet rules, or two-feet rules, and five or ten- feen 
] The length is meaſured in feet and half feet, and, 
in ſome places, to quarters of feet. . 
Then lay half this length from the upper part; 
down towards the butt- end, where, with a piece of 
chalk, make a mark. 14815 | 

At that mark, or nearer the butt-end, if the buyer 
think it to his advantage, is taken the breadth, in 
inches and half inches. 
If one ſide be wainy, the breadth is taken to the 
middle of the wain. | 

If both ſides are wainy, one wain is meaſured; 
the other rejected; and either of them as the buyer 
thinks fit. | FLATS 945 

Having thus got the length and breadth, call the 
firſt long diviſion on A, and alſo on B, each an unit. 
Then ſet the index on B, againſt the breadth in 
inches on A, and againſt the length in feer on. B, 
will ſtand the content in feet on A. 


Let there he a plank; whoſe length ĩs 24 feet and 


a half, and breadth 17 inches and à halt; J demand 
the content. 


Set the index (or 12, in the ſecond ſcale) on B, 
agauſſt 47 inches and a half on A, and then againſt 
24 feet and a half on B, ſtands 35 and 3-4ths nearly 
on A; which is the meaſure of the plank required. 

But when the feet, in length, on B falls beyond 
the end of the line A, then call the firſt 1 on A, 
a ten, and work as before ſhewn. © x 
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EXAMPLE. 


if a plank be 45 feet and a half Jon agd 
Anches broad, what 1 is the content? 8 22 


Set the inde (or 12) on B, againſt 39 on A, and 
45 and à half on B, will fall beyond the upper end 
of A. 

Therefore ſet the 3 on B, againſt 39 on A, 
taking in the firſt ſcale of A, becauſe the 1 on A is 
counted 10 z and then, againſt 45 and a half on B, 
will ſtand 148. on A, the content required. 

T heſe are all the varicties which happen in 
plank. meaſure. 1 

But notice may be taken, that from this content 
muſt be ſubtracted as much meaſure as will ballancæ 
all the viſible faults: and this is generally left to the 
Judgment of the twa meaſurers, and generally done 
before the contents are entered in the accounts, or 
indeed, before you paſs to another plank, - 

There are ſome differences in the cuſtoms of dif- 
ferent countries, though, for the moſt. part, the 
foregoing are the moſt "general iy uſed. | 


;, 8 he cuſtoms cenerally we in taking the di- 
menſions of timber, are not much different from 
thoſe uſed for plank. 

For the whole length is Arſt taken in feet and 
halves, then the middle is found and chalked,where, 
or nearer the butt-end, according as it is the buyer's 
advantage, the ſtick is girthed with a ſmall line, 
which is exactly quartered by twice folding; this 
qo is meaſured in inches, halves, and quarters, 

nd if the tree's bark is not peeled, as always hap- 
pens in ſtanding timber, then from the foregoing 


girth muſt be made an allowance for the bark, which 
18 


1 was} 

is uſually thus: for trees girthing one foot, ald 
one inch, and ſo proportionally for all others. But 
for beech, elm, aſnh, and ſuch as are thin barked; 
ths allowance muſt bean matter leſs. =» 

It is alſo to be obſerved, that a ſtick is not called 
timber farther ' than it will hold half a foot girth, 
Alſo, that if there be any conſiderable arms which 
hold "half a foot girth, they are alſo called timber; 
and meaſured as ſuch. 


CASE -L 


| Having thus taken the length in feet, &c. and 
quarter girths in inches, &c. ſet 12 (the index) on 
the girth line, to the length on C, and then againſt 
2 girth on the girth line, is the ſolid content on 


EXAMPLE IL. 


Let a tree be 24 foot and a half long, and its 
quarter girth 17 inches and one fourth ; to find | 
= ſolid content: 


Sett 24 and a half on C, againſt the index on D, 
the girth line ; and then againſt x7 and one fourth 
on the girth line, ſtands 50 three ne on C, 0 
ſolid content of the ſtick. 


| dds; CASE It. 


When, by the foregoing diteCtions, the rule is 
ſer, and the girth on the girth line is beyond the 
upper end of C, call the firſt 1 on E 10, and 
then wark as before. 


E X- 
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EX AM PL E 8 


Let a tree be 30 inches girth, and 40 feet and a 
half long; to find the ſaliduy : 


If you ſet 40 and a half on C, againſt the in- 
dex on D, then 30 on Di 18 beyond the upper end 
of C. 
Therefore, ing the firſt 1 on 0 10, ſet 40 
and a half on C, to the index on the girth line D; 
and then againſt 30 on D, will ſtand 25 3 on C, the 
ſolidity e | 


n 1 nn. 


When the girths on D fall ſhort of the lower end 
of C; call the middle one on C, a unit; and then, 
all the figured diviſions, below the middle 1, will 
be tenth parts of feet; then work as above. 


EXAMPLE II. 


Let a ſtick be 3 feet long, _ 6 inches girth ; 


| 0 find the ſolid content: 


Accounting the middle 1 on C an unit, et 3 on 
C againſt the index on D; and then, againſt 6 on 
D, ſtand 7 tenths _ a half on C; the ſolidity 


feen 


EXAMPLE Iv. 


4 a tick be ſeven feet and a half longs and 
girth | four inches; to find the ſolidity: 


Set the index (12) on D againſt pi and: 4 half in 
fi! ſecond ſcale on E; then againſt 4 on 1 ſtand 
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t tenths and a third on C: fo that the ſolidity is 
8 1- third part in 10 of one foot. 


y. B. Tho- this is not wht is called timber, ye 
fince alders and other ſhrubs, uſed by turners and 
others, are often mealyred, of hey never ſo ſmall, 
1 thought it proper to infert ſome examples of 
ths kind, Ein ow * 

In the three foregoing caſes, the girths of the 
ticks fell on the girth fine C, without any arbi- 
trary Alteration of the values affixed to the divi- 
Bons; which fixed values are abundantly ſufficient 
for computing the ſolidity of mpſt ſticks uſually 
to be met with, if the ſingle line C be advan- 

eouſly broken. Fer, if a perſqn defigns his 
rule for the meaſure of timber only, that is, ſuch _ 
as never girths leſs than fix, inches, then the girth 
Ine beginning at fix, will run to fixty inches; above 
Which, few ſticks will out-run. But if he defigns 
to meaſure alders, ſhrubs, and ſmall things, Cc. 
often meaſured by turners, wheelwrights, and other 
artificers, uftng this ſmall ſtuff, the beſt way is to 
have the line C broke, and to begin at! 1 and a 
half, or 2, and end at 15 or 20, according to the 
fize of the ſtuff they moſt deal in. 
But that the line, as uſual, or occaſionally 
broken, may ſerve for the computing of common 
timber, timber extraordinary large, out- running 
the girth line, and alſo for fnrubs and ſmall twigs, 
it may not be amiſs to conſider the following di- 
rections and examples. 


And in the firſt place, we will enquire into the 
uſe of tht rule in computing the ſolidity of ſuck 
large ſticks, as out- run the affixed values of the 
diviſions on the girth-lige. 5 
For which obferve, that the length of a ſtick al- 
ys to be fœund on the upper end of the line C, 
1r& be Tt to the index; rhe diviſions on the 5 
ne 
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line numbered 6, 7, 8, Sc. are to be accounted 50, 


70, 80, Sc. and chat, in eſtimating the ſolidity of 


the ſtick, the diviſions on C are to be eſtimated by 
100 times the value arbitrarily taken thereon by 


the length; that is, if the ſecond ſcale of C be 


called units in the length, then, in the folidity, the 
ſame upper parts ſhall be called himdreds, and the 
lower ſcales tens: in like manner, if the upper part 
of C be called tens in the length, then, in the ſoli- 


dity, the upper part ſhall be called ION and | 


the | lowed yet ene 
f EXAMPLE v. 


Let — be a ſtick, * Jengyh i 78 twenty- five 
feet, and girth forty-ſix inches ; and let forty-ſix 


be above the upper end of the TI to find 
the ſolidity. Co 5 


Then ſet Wan in \'the frank ſeale of E. 
againſt the index on D; and then againſt (4 and 6 
— on D, which in this caſe repreſents) 46 inches 

the girth, ſtands 367 feet on the firſt ſcale of C, 


ofticnated according to the preceding directions. * 


EXAMPLE VI. 


Let there be a ſtick, whoſe length is four feet, 
and girth forty-ſix inches ; ; and let forty-ſix be 
above the 8 8 end of the ITY to find the 
ſolidity. | 


Set four in the a ſcale of C, againſt the 
index on P; ; and then againſt the girth 5 on the 
lower part of D (which, in this caſe, will be repre · 


ſented at the affixed whine, cw and: ſix 3 | 


" E 
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For very ſmall ſticks, whoſe girth. Falls below 
the beginning of the girth line D, obſerve that the 
tength of the ſtick always to be found on the firſt - 
ſeals of the line C, is to be ſet to the index; the 
diviſions on the girth line numbered 10, 20, 30, Sc. 
are to be accounted only 1, 2, 3, &c. And that eſti- 
mating the ſolidity of the ſtick, the diviſions on C 
are to be eſtimated by the tooth part of the value 
arbitrarily taken thereon by the length; that is, if 
the firſt ſeale of C be called units in the length, then 
in the ſolidity, the ſame lower part ſhall be called 
hundredth parts only, and the upper end tenth 
parts. But if the lower end of C be called tens in 
the length, then, in the ſolidity, ſhall the ſame lower 
* de 1. . tenth parts, and the upper = units, 


EXAMPLE VII. 


Let a ſtick be fifteen feet long, and let its girth 
be three inches; and let three be below the lower 
part of the Zirth- line, to find the ondkey. 


Set fifteen feet, taken in the firſt ſaake of C, to 
the index on D; and then againſt three (which, in 
this caſe, will be repreſented by thirty) in the upper 
part of D, ſtands the ſolidity nine tenths of a foot. 
and a 5 1 81 of another tenth. 


EXAMPLE vil. 


Let » hel be three feet long, and let its girth 
be two inches; and let two be below the lower part 
of the girth- -line, to find the e 


Ser three feet, taken in the firſt bea or lower end 
of C, to the index on D; and then againſt two (Which 
in this caſe _ be e e by 20) in the upper 
12 09 part 
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part of P, ſtands the ſolidity, eight W parts 
of a ſolid foot, and ſomething more. 
In thoſe pi aces where the cuſtom allows the taking 
the length to minute parts of a foot; or when the 
length is leſs than one foot, take the dimenſions in 


feet, and decimal parts of feet. 


Thus much for round timber ; but when timber 
is hewn to that form which is uſually called ſquare, 
tho? at the ſame time there is moſt commonly four 
wanes, the cuſtom is to take the length, and find 
the middle in the ſame manner, and with the ſame 
allowances as were obſerved in round timber ; and 
then, in this middle, either with a pair of callipers, 
or the edges of two rules applied to the flat faces, 
to take the breadth and depth of the ſtick. Then, 
to add the breadth and depth together, and to uſe 
half their ſum, as you before did the quarter girth 


of a round ſtick. 
& 3 X AMPLE; 


Let a ſtick be twenty-five feet long, fourteen 


inches broad, and twelve deep: to find the ſolidi:y 


according to this cuſtomary method. 


Becauſe 14 and 12 give 26, whoſe half is 12, ſet 
25 on C againſt the index on D; and then againſt 
13 on D, ſtands almoſt 29 feet and a half ſolid. 

And tho? this cuſtom makes the ſtick ſomething, 
more than in fact it is, by adding the breadth and 
depth together, and taking their half for a girth; 
yet, in a whole tree, only "hewn to a ſquare, the 
difference is fo very ſmall, that the cuſtom may be 
admitted. 

For in this example it N appear by the pen, 


that the ſolidity thus is 29 feet; and the true 


ſolidity, if the ſtick be all of the fame bigneſs, and 
L without 


A 
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without wanes, will be 29 r, differing from the 
former only rs or + of a foot ſolid. 

Nevertheleſs, in ſticks whoſe breadth differs very 
much from the depth, the error is intolerable, and 
ought not to be admitted. 

For, let there be a ſtick 25 feet long, 20 inches 
broad, and 6 inches deep; then, by the cuſtomary 
way of adding the width and depth together, the ſo- 
lidity will, as before, be 29 2; feet; but the true 
ſolidity will be only 20 44: and fo the error is 
8 : feet, almoſt a third part of the ſtick, 

For the ready management of ſuch timbers, there 
may be placed on the other leg of the rule, another 
ſlider ; having the ſliding part and the upper fixed 
line, exactly the fame as in the former leg; but on 
the other fixed part, a double line of the ſame ra- 
dius with the former, but broken and inverted. And 
as the lines on the former leg were diſtinguiſhed by 
the letters A, B, C, D, ſo the lines on the latter are 
noted by-the letters E, F, G, H. And as thedivi- 
ſions on the lines A, B, C, were intirely arbitrary, 
fo the lines E, F, G, are alſo intirely arbitrary. And 
on the line H, which is inverted, and beginning at 
1 and a ha'f, and running on to 1x0, the values 
annexed to the diviſions, may be varied, or remain 
unvaried. But on the line E being direct, begin- 
ning at 1, and running on to 100, the values an- 
nexed to the diviſions, may be conſtant. | 

T he line H, I call the depth line ; the line G the 
breadth line ; the line E, I call the length line, and 
F the content line. 

The uſe is ſo ſhort and fo eaſy, that, in a few 
words, and two or three examples, it will be plain. 

For, ſet the breadth on G, againſt the depth on 
, and then the length on E will ſtand againſt the 
ſolid content on F. 


Let 


. - 
Let the ſtick be that of the laſt example, where 
the length was 25 feet, breadth 20 inches, and 
depth 6 inches. DD rot 
Set the breadth 20 on G, againſt 6 on H; and 
then, againſt 25 on E, will ſtand on F almoſt 21, 
the ſolidity required, 

And, to avoid confuſion, remember, that what- 
ſoever is the value of the diviſions on G, the ſame 
ſhall be the value of the diviſions on F. That is, 
if the former diviſion on G be units, and the latter 
tens, then the former diviſion on F ſhall be units, 
and the latter tens. And if the former diviſions on 
G be tens, and fo the latter hundreds ; then the for- 
mer on F ſhall be tens, and the latter hundreds. 

If the length on E falls beyond F, call the for- 
mer diviſions on F, tens, and the latter hundreds. 

If the length on D falls ſhort of F, call the for- 
mer diviſions on E tenth parts, and the latter units. 


EXAMPLE. 


* 


Let a ſtick hewn to unequal ſquare ſides, have its 
length 46 feet, its breadth 30 inches, and its depth 
20 inches; then, when 30 on G is ſet againſt 20 
on H, 46 on E will fall beyond the line F; there- 
fore call the former diviſion on F, tens; and then 
ſet as before, and againſt 46 on E, will ſtand 191 
1-third on F, which is the ſolid content. 

The ſhell, or flitch of timber, is readily caſt up 
by this rule; for, take the breadth on the flat fide 
in the middle, and one half the depth in the mid- 
dle, and work with the length and theſe, as tho” it 
were a ſquare ſtick, and you have the ſolidity ſuf- 
ficiently near. | 

It is indeed true, that this is leſs than the true 
ſolidity ; but in regard of its value it is thought 
4 enough. | a ; ; 
HM Let 
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Let there be a flitch, whoſe length is 30 feet, 
breadth 16 inches, and depth taken in the middte 
4 inches. Set 16 upon G to 2 upon H, and 
againſt 30 on E, ſtands on F 6 feet and two thirds, 
the ſolidity required. | 1 

The ſawyers meaſure is done by one ſetting of 
this rule. | | | EE 

For ſet the number of kerfs or cuts on G, to the 
breadth of the boards on H, and againſt the length 
of the ſtick on E, ſtands on F the hundreds of feet 


ſuperficial. 
EXAMPLE. 


Let a ſtick, whoſe length is 30 feet, breadth 22 
inches, and depth 20 inches, be ſo cur, that each 
board, with the waſte of the ſaw, may be 2 inches; 
that is, if it be cut parallel to the breadth, we ſhall 
have ten boards, and ſo 9 cuts or kerfs, and the 
breadth of each board will be 22 inches. 

Set 9 on G againſt 22 on , and then againſt 30 
on E, ſtands 4. 12 on F, that is, 4 hundred and 12 
hundredth parts of 120, or another hundred. 

Any plank or board, whoſe value is expreſſed in 
pence per feet, may be caſt up by this rule at one 
flip, without knowing the meaſure of it. 


EXAMPLE. 
A plank of walnut tree is ſold at 28. gd. or 33 
pence per feet, its length is 30 feet, its breadth 26 


inches and a half, 


Set the price in pence, 33 on G, againſt 26 and 
a half on H, and then againſt 30 on E, ſtands 182 
on F, and a little more; that is, 182 ſhillings, or. 
9 pounds and 2 flullings, 


It 
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It may be obſerved, that this ſliding rule is ſuf- 
ficiently exact, and very ready for cubing ftone 
provided, that the two ſhorter dimenſions are 
taken in inches, and the longer in feet, and deci- 
mal parts of feet. 125. 

- Alſo, that it may be applied to the cubing in 
feet, any ſolid in form of a parallelipipedon, whoſe 
content doth not conſiſt of more than 3 places. 

And if a line be properly broken, and put on in- 
ſtead of , it might be applied to digging, &c. 

Or if the line H did ſlide as well as G, it might 
be applied to the meaſuring of all ſorts of paralleli- 
pipedons, by one ſetting of the rule, whether the 

anſwer be required in feet, or yards, or rods, &c. 


It remains to ſay ſomething concerning the eſti» 
mation of the meaſure of timber ſtanding. 


And, firſt, we may obſerve, that, if we can get 
the dimenſions, the manner of computing, after an 
allowance for bark, is that already laid down. 

But ſince we cannot always get all the dimen- 
ſions, we muſt take thoſe we can get at, and eſti- 
mate the reſt, , w 

And firſt, we may obſerve, that the dimenſions 
In a tapering ſtick, which runs beyond timber, may 
be had thus: Girth the ſtick breaſt-high; to an 8th 
part of this girth add three inches; and the ſum 
leſſened by allowance for bark, will give the girth 
in the middle. And for the length, meaſure from 
the ground ſo high as the tree runs timber, and 
then work as before, 


EXA NM. 


Let the girth breaſt high, be 6 feet, and length 
40 feet; then, becauſe the 8th part of 6 feet is 9 


inches, to this add 3 inches, and the ſum is 123 
8 L 3 ; from 


[ 159 ] 
from this deduct an inch for bark, and there will be 
left 11 inches z which, with the length 40 feet, gives 
33 feet and a half for the ſolid content. 9 75 

When the taper ſtick does not out- run timber at 
the tap, the whole girth, at top, ſhall be added to 
the whole girth breaſt-high; and an 8th part of this 
ſum ſhall be the girth in the middle ; which, after 
an allowance for bark, ſhall be the girth to be uſed. 

The uſual way of eſtimating the height of the 
tree, is, by applying to it a ten or twenty foot rod, 
and ſtanding at a convenient diſtance, . and compa- 
ring the rod with yhe tree. 

But the moſt ceain method is by the Theodolite, 
as now improved, pus : Meaſure from the tree with 
a ten- foot rod, 1e feet, level the 1 heodolite, and 
direct the teleſcop to the top of the tree; and then 
ſhall the teleſcope cut on the vertical arch (if the 
ground, from the tree to the inſtrument, be nearly 
upon a level) a certain number of feet; to which, 
if you add the height of the teleſcope, you will 
have the height of the tree. | 

But if the ground, from the tree to the inſtru- 
ment, be not quite level, then direct the teleſcope 
to the top of the tree, and note the feet cut by the 
tele ſcope; and then direct the teleſcope to the bot- 
tom of the tree, and note the feet there cut. 

And if one of theſe numbers of feet be above the 
jevel, and the other below, then their ſum is the 
height of the tree; but if both are above, or both 
below, then the leſſer taken from the greater, will 
give the height of the tree, without any other cal- 
culamon. e 

When the ground, from the three to the inſtru- 
ment, is very ſteep, take, with your off: ſet ſtaff, or 
fñve- foot red, the height of the inſtrument above 
the ground, and at the fame height on the tree 
above the ground the tree ſtands on, make a mark. 
Pirect the teleſcope to this mark, and it will cut on 

| the 
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the vertical arch among the diviſions of reduction, 
ſhewing the difference between the hypothenuſe 
and baſe, a number of feet which added to 100, 
will give the proper diſtance to- plant the inſtru- 
ment from the tree; or, what is the ſame thing, it 
| ſhall give a length on the aſcent, anſwering to 100 
feet meaſured horizontally, very near. 

The inſtrument being planted at this diſtance, 
work as before, and you will have the height of 
the tree correct, 


Having mentioned this vertical arch, and its uſe 
in taking heights, I will now proceed to ſhew its 
farther uſes in ſurveying land. 


If, in coming up an aſcent, or going down a de- 
ſcent, as ſoon as the inſtrument is ſet for obſerving 
the angle, you look on the vertical arch among the 
diviſions of reduction, you will find how many 
links, in every chain's length; this hypothenuſal 
line is to be ſhortened, in order to get the horizon- 
tal line, which ought to be laid down in your plan, 
and muſt be entered in your book. 

And theſe diviſions of reduction are concentric 
with the divifions of altitude and depreſſion, and 
alſo with tne diviſions of degrees. 

Laſtly, if the diſtance from the tree to the inſtru- 
ment be confined, then multiply the horizontal di- 
ſtance in feet, by the feet given by the inſtrument, 
and from the product, towards the right hand, cut 
off two figures, and thoſe to the left, will be the 
height of the tree in feet. | 
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The uſe of the Theodolite, in drawing the per- 
ſpective appearance of any building Without 
meaſuring one ſingle line. 


Hs will admit cf ſome variety ; for either 

the picture is ſuppoſed to be parallel to one 

oi the fronts of the module or building, or elle 

ob ique to both; and then is either in a poſition 
all ien ed, or in a poſition taken at pleaſure. 

Firſt, Suppoſe the picture parallel to one of the 
fronts; then plant the inſtrument and a ſtaff at any 
equal diſtances from the front, ſuppofe 5, 10, or 
15 feet; and direct the teleſcope to the ſtaff, and 
the ncedle will point out the bearing of that front: 
to this add or ſubtract go degrees, you will have 
the directing number; that is, the bearing of the 
line perp endicular to the front. 

Now plant your inſtrument at the place, whence 
the original building is to be viewed. Bring the in- 
dex 10 the beginning of the divifions, and turn the 
whole inſtrument about, till the needle points at the 
directing number, and then ſcrew it faſt. Bring 
the teleicope to the beginning diviſions in the ver- 
tical arch, and level the whole inſtrument; ſo will 
the inſtrument be duly feated and rectified for ob- 
ſervation. 

In order to get eaſily a due N of per- 
ſpective in general, and particularly of the uſe of 
this inſtrument in drawing, turn to the figures in 
Plate V. and raiſe up the draught PK (fig. 1.) per- 

pendiculay 


Ig 


endicular to the plane of the leaf upon the line 


WX, and lift up the plane AT W (fig. 2.) till it 
is perpendicular to both the plane of the leaf, and 
alſo to the draught PK; then raiſe the draught 
ABW (fig. 3.) till it coincides with AT W, and 
conſequently will be perpendicular to the plane of 
the leaf, and alſo to the draught PK; ſo will the 
two draughts AW, PK, be the two fronts of the 
module, repreſented to the eye. Lift up the draught 
a V (fig. 4.) till it is perpendicular to the plane of 
the leaf, and it will be the picture deſigned to be 
drawn, and will coincide with PK, the front of the 
module. T is the point on the ground whence the 
building is to be ſeen. Lift up E J, till the 
point E is perpendicular over the point T: And 
E is the eye of the ſpectator, or the centre of the 
teleſcope. Now if you conceive ſcreight lines drawn 
ſrom the eye at E, to the ſeveral points A, B, C, D, 
Sc. in the module, they will meet the picture in 
the points a, b, c, d, &c. which are therefore the 
true appearances of thoſe original points A,B,C,D, 
and a line drawn from a to b, will be the true ap- 
pearance of AB; and ſo of all other lines; for the 
rays of light come to the eye from the picture in 
the very ſelf : ſame direction that they would have 
come from the original module. Thus much by 
way of introduction. 


Now, in order to draw the picture: Aſſign on 
your drawing board any point C, at pleaſure, for 
the centre of the picture, and draw C V the hori- 
zontal line, and perpendicular to it, the vertical 
line CX: from theſe two lines, all the parts of the 
building are to be laid down by their apparent 
diſtances from them. 


N. B. By the centre of the picture, Imean that 


Point, whence a line drawn to the eye is perpendi- 


lar. 
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eular to the plane of the picture. The horizonta] 
line is that which paſſes through the centre, and 
is parallel to the horizon, and therefore is the 
common interſeftion of the picture, with the 
plane of the ocular horizon. 


The principal line in theſe-draughts is, that coin, 
or that angle which is common to both the picture 
and the module; and conſequently every where pro- 
portional to the building itſelf, and is the firſt line 
to be laid down and divided, which may be done 
thus: Let the example be as in the preceding 
icheme : 

Direct the teleſcope to the point P in the build- 
Ing, and you will find the index on the horizontal 
plate of the inſtrument cut 32 feet and a half, and 
on the vertical arch 25 feet; lay the latter above 
the horizontal line C V, perpendicular to it, from 
C to X, and the former from C to x. Then, by 
help of the ſquare, draw x P, XP perpendicular to 
CV, CS, whence the perſpective appearance of the 
point P is found. | 

In like manner may be found the perſpective ap- 
pearance of any point whatſoever, whether it be 
coincident to both the module and picture or not. 

Depreſs the teleſcope to W, in the building, and 
(in this example) it will cat on the vertical arch 9g 
feet; which, becauſe you look downwards, lay 
from x downwards to W in the picture, and ſo you 
have the true appearance of W; and conſequent- 
ly, if you draw PW in the picture, you have the 
true appearance of the line PW in the building. 

If you elevate the teleſcope to A“, in the build- 
ing, it will cut on the vertical arch 15 feet, which 
Jaid from x to A/ in the picture upwards, becauſe 
the point is above the horizontal line CV, will 
give the repreſentative of that point in the picture. 
And thus may every one of the points B/, C/, D/, 
Sc. be laid down in the picture. Direct 
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Direct the teleſcope to K/ in the building, and 
you will find on the horizontal arch, that the index 
cuts 69 feet and a half; which laid from C to L/, 
gives in the picture, the repreſentation of the 
po | 

Thro' L/, draw E/ L/ K/ perpendicular to CV, 
and A'E/, B/F/, C'/G/, Sc. parallel to it, thro? the 
points A'/B/C/, Sc. and ſo the coins EK, and the 
tops and bottoms of the doors and windows may be 
lichited in reſpect of their heights, _ 

Direct the teleſcope to Q, and it will cut on the 
horizontal arch 38 feet and a half; which lay from 
C to Q, and it will determine the appearance of Q/. 
In like manner may N/; and the jaumbs of the win- 

dows Q/N/, M/O/, be laid down. As alſo the other 
windows, doors, 0c. 

For the returned front a W, draw PC, WC, 
A/C, BC, C/C, D/C, Sc. and they will limit the 
heights of the parapets, facia's, windows, Sc. 

Direct the teleſcope to b, d, f, h, Sc. and it will 
cut on the horizontal plate 16 feet, 17 feet and a 
half, 19 feet and one third, &c. ——, which laid 
from the vertical line XS, will give the breadths, 
repreſenting the piers and windows. | 

The ſame may be done for the chimneys and their 
returns; or for any other lines, breaks, &c. And 
ſo the ſeveral parts of the perſpective appearance of 
a building may be drawn without meaſuring. 

That this compendium of perſpective may be 
compleat, it may not be amiſs to lay down the ne- 
ceſſary Theorems in the moſt general manner poſliblez 
and herein I ſhall uſe thoſe terms which Dr. Brook 
Taylor hath thought fit to mention, they being more 
comprehenſive than ſuch as are uſed by the other 
writers on this ſubject, 


Theor. I. All the lines of any object (as in a mo- 
dule or building) which are parallel to one another, 
| =” and 
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and to the picture; will be repreſented by parallels 
on the picture. | 


Theor. II. All lines parallel in the module or 
building, which are perpendicular to the picture, 

will, if continued, run to the center of the picture. 
Tho' theſe parallels be or be not all in the ſame 
plane. 


Theor. III. All lines in the module or building, 
erpendicular to the plane of the horizon, will be 
in the picture, perpendicular to the horizontal line. 
And theſe three Theorems are ſufficiently viſible in 
the preceding example. 


Theor. IV. All lines in the modute or building, 
parallel to one ancther, and to the plane of the ho- 
rizon, but oblique to the picture (as in the follow- 
ing example, ſee Plate VI) will meet in ſome one 
point in the horizontal line CV. Thus the paral- 
lel lines in the front W a, meet in the point V; 
and thoſe of the front PO, meet in the point . 
Thete points V and Y are (by Dr. Taylor) called the 
vaniſhing points of theſe parallels, and by him are 
thus found: 

From T, the point repreſenting the place from 
whence the building is to be viewed, draw a line pa- 
rallel to thoſe parallel lines in any front or face of 
the object; and where it meets the ground- line SR, 
draw a line RY perpendicular to SR, and its inter- 
{ſection Y with the horizontal line VV, will be the 
vaniſhing point required. 


Theor. V. All the lines of an object which are 
parallel to one another, but oblique to the picture, 
and not parallel to the plane of the horizon, will 
be repreſented by lines meeting in a vaniſhing point, 
und by the interſection of the picture, and a line 

| drawn 
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drawn from the eye parallel to thoſe parallel lines. 
But this vaniſhing point will not be in the horizon 
tal line, but either above it or below it. 


Theo. VI. The ſhadows of all parallel lines made 
by the interſection of the Sun's rays, will, on the 
ground, be parallel; and conſequently in the pic- 
ture, either be parallel, as in 1 heorem I. or elſe meet 
at a point in the horizontal line, as in Theorem II. 


4 


Now, as in the former example, the centre of the 
picture being determined, the parallels which were 
perpendicular to it, and alſo parallel to the plane of 
the horizon, were, by the help thereof, eaſily drawn; 
ſo in this example following, ſince the vaniſhing 
points are of no leſs uſe to draw all parallels, I ſhall, 
for this purpoſe, ſhew one general rule, without any 
exceptions; not in the geometrical manner ſhewn 
by Dr. TayLoR, but by the help of the new Theo- 
dolite, as now improved by THO. HEATH, Mathe- 
matical- inſtrument- maker, at the Hercules and 
Globe, near Exeter- Exchange in the Strand. 

Let the example be that contained in Plate VI. 
where, as before, raiſe the draughts PQ, A Y W, 
AB W, (AWT) coinciding with A W B.) fig. 1, 
2, 3, and you have the module repreſented to the 
eye; raile the drawing a Q perpendicular to the 
plane of the leaf fig. 4; and it is the plane of the 
picture deſigned to be drawn; but it is oblique to 

each front of the module: and the coin or angle 
PW is the only part of the module or building, 
which coincides with the picture. Raiſe up TE 
(hg. 5.) as in the former example: and E repre- 
ſents the eye beholding the building or picture. 


Plant the inſtrument and a ſtaff in the line S W, 


which is the ground-line of the picture, or elle at 
equal diſlances from it, that is parallel to if, Ard 


fad, 


=_ 
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and. as in tbe foregoing example, the directing 
number. 
Plant the inſtrument at your deſigned ſtation T4 
and rectify it as in the preceding example. Aſſume 
the centre C, on the drawing board, draw CV, 
CX, as before. 

Then tay down PW, and its ſeveral diviſions 
A”, B/, Sc. and the two points a, b, as in the for- 
mer example. Draw P a, and W b, and produce 
them till they meet: ſo ſhall their interſection V 
be the vaniſhing point ſought. 

Uſe this point V as you did the centre of the 
picture in the preceding example; and then go on 
to draw the front a W as before. 

In like manner find the vaniſhing point 1; and 
proceed to draw the front PQ. 

As to the poſition of the picture, ſome perſons 
will have it parallel to a front, others parallel to 
the diagonal of the plane; others chuſe rather that 
poſition to which a line drawn from the eye to the 
common coin PW may be perpendicular to the 
plane of the picture. 

And in this latter, there is no occaſion for the di- 
recting number, or the bearing of any front: for 
take T the ſtation at pleaſure; bring the index to 
the beginning of the degrees on the horizontal 
Plate, and turn the whole inſtrument about till you 
ſee thro* the teleſcope the coin P W, there ſcrew ir 
faft, and level it; and proceed in all reſpects as in 
the laſt example, 


SEC TL, 


SECT. XIV. 


The deſcription and uſe of the Perambulator, or 
meaſuring Wheel, 


'HIS inftrument as it is now made, conſiſts of 
: a light wooden wheel, ſhod with a thin iron 
ring, the outſide circumference whereof is 99 inches, 
or half a ſtatute pole; a frame of wood of about 
three feet long, including the handle and the two 
cheeks, between which the wheel moves; alſo a 
box of about 10 inches diameter, containing a mo- 
tion work; on the face whereof are three circles, and 
their indexes or hands ; a revolution in the ſmalleſt 
circle anſwers to the length of one Gunter's chain, 
a revolution in the greateſt circle anſwers to one 
mile, and a revolution in the other circle anſwers 
to 50 miles. The circle of one chain is divided 
into 100 equal parts, ſhewing the links; that of one 
mile is divided into 320 equal parts, ſhewing the 
poles; and the other circle is divided into go equal 
parts, ſhewing the miles: So that the meaſure of 
any diſtance, run over by the wheel, will be ex- 
preſſed in miles, poles, and links. 

The motion of theſe indices is produced by the ro- 
tation of the wheel, whoſe axis, as it revolves, com- 
municates motion to the work*in the box through 
a groove or channel cut in one of the cheeks. 

The length of the inſtrument, from the extremity 
of the wheel to the handle, is about four feet and a 
half ; and its weight is abour twenty-three pounds, 
the wood work being of mahogany, and the mo- 

| tion 
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tion work of braſs: But it may be made much 
ſhorter and lighter. 


D uſe the perambilator in the meaſuring Y Aiſtances. 


Being well aſcertained of the accuracy of each 
art ot the inſtrument, open the lid of the box, 
ſet all the hands to the mark o, or beginning of 
their reſpective circles, and ſhut the box; then ta- 
king the handle in both hands, drive the wheel be- 
fore you, directing it towards ſome fixed point; 
when the propoſed diſtances is run over, obſerve tae 
poſition of each hand, and theſe being rightly 
eſtimated, will give the meaſure of that diſtance, 
reckoning always from the point on which the 
wheel relts, at the beginning and end, or the point 

perpendicularly under the axle. 

To find the diſtance run over; obſerve, firſt, the 
mile index; ſecondly, the pole index; and, thirdly, 
the link index: Ii the mile index has not moved 
one diviſion, the diſtance is leſs than a mile; then 
the pole index will ſhew the whole poles, and 
the link index ſhews the links above the even 
poles: But, if the mile index has moved one or 

i0re diviſions, the diſtance run will be ſo many 
mile-, and the overplus poles and links will be 
ſhewed by their reſpective indices. 


Example I. Suppoſe the mile index ſtands be- 
tween the beginning of its diviſions and the firſt 
mark ; the pole index at 221; ; and the link index 
at O; then the diſtance run over will be 221 poles, 
or 55 Chains and 25 links, or 5 furlongs and 21 


poles. 


Example II. Suppoſe the mile index ſtands be- 
t vcen the 3d and 4th diviſion; the pole index be- 


Lycen the 184th and 185th diviſions; and the link 
index 
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index at its 67th diviſion ; then the diſtance run 
over will be 3 miles, 184 poles, and 17 links ; the 
other 50 links Leing equal to 2 poles, are accounted 
for in the pole circle. | 


_ When you have ſeveral ſucceſſive lines to mea- 
ſure, or one great diſtance, in the tout of which the 
intermediate diſtances of ſeveral places are to be 
noted, the three indexes may be {et at the begin- 
ning of their reſpective circles, at the commencing 
each new line or diſtance; ot, which is the better 
way, do not ſet the indices anew, but let them con- 
tinue to revolve, ind note at each diſtance the 
numbers ſhewn by the indices ; and thus the whole 
diſtance paſſed over in any given time will be at 
once ſhewn ; then the intermediate diſtances, which 
were noted, will be found, by ſubtracting the num- 
bers entered in the field- book from one another. 


To this inſtrument may be annexed two iron rods, 
which may lie cloſe under the cheeks, and when 
wanted may be let down and ſerve as legs, like thoſe 
of a wheel- barrow: Alſo to the cheeks may be 
fixed two - ſtandards, which reaching above the 
wheel may ſupport a croſs piece, whereon a Theo- 
dolite, or other ſurveying inſtrument may be fixed, 
whoſe centre ſtanding over the axle-tree, will always 
correſpond to the place where the line begins, and, 
conſequently, the trouble of ſetting the head of the 
three-legged ſtaff over the ſtation-ſtaff hole will be 
avoided; beſide which, a ſurveyor uſing fuch an 
inſtrument, will be benefitted in the following par- 
ticulars. | 


The tireſome repetition of ſtooping with the 
chain or pole will be avoided, | 
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In the trouble of handling the arrows, their 

account, and the difficulty of ſticking them into 

hard gravelly or rocky ground, or into the ground 
when frozen. 
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There can ariſe no ſuch errors as frequently hap- 
pen to the chain, ſuch as its ſwaying, yawing, the 
difference of pricking down the arrows, or the dr- 
verſity in the lengths of chains. | 


The length of a day's journey may be meaſured 
without keeping any account, till the end. 


In taking the angles of elevation or deſcent, the 
Theodolite always ſtands at the fame height from 
the ground. | £ 


A ſurveyor with one or two aſſiſtants, and this 
inftrument, can meaſure any quantity of land in 
about half the time he could do it in by any other 
means. 


To the uſe of this inſtrument ic may be objected, 
that in going over many plough ridges, or ane-hills, 
there will be a conſiderable difference in the lengths 
given by the chain and wheel; there will, indeed, 
be ſome difference, and rather more than will hap- 
pen in meaſuring the ſame diſtance forwards and 
backwards by the chain; for, by a trial on a com- 
mon full of large ant-hills, in the moſt uneven part 
thereof, the wheel gave a pole more than the chain, 
in the length of a quarter of a mile, and going 
over more than 100 hills; and in meaſuring this 
length back again, the wheel gave the ſame di- 
fayce; but the chain gave near half a pole __ 

| | than 
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than before : Beſides; an experienced artiſt would 
avoid taking the worſt place. 


With regard to the objections concerning the 
paſſing of rivers, ponds, woods, brakes, &c. they 
are of ſmall import; for a perſon of any ſhare of 
ſagacity, will readily know how to proceed on ſuch 
etnergencies. „ 


With regard to tae paſſing of hedges, ditches, 
gates, c. and without varying the indices ; theſe 
are eaſily anſwered; for by haſping the wheel, a 
.contrivance to do this being provided, the indices 
are fixed; and the weight of the whole, though 
increaſed by the T heodolire, will not much exceed 
thirty pounds: But they may be made much 
lighter ; and may be ſo contrived, both frame and 
wheel, as to take to pieces for the convenience of 
carriage, and packed up in the ſpace of little more 
than a cubic foot. ü 
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S ECT. XV. 


The uſe of the Univerſal Dial, and the varia- 
tion of the Compaſs. 


II has been ſuppoſed, that a needle playing free- 

1y, which has had a ſtrong touch from the load- 
ſtone, points exactly north and ſouth. But by num- 
berleſs experiments it has been proved, that the 
needle does not point exactly north and ſouth, any 
where but in ſuch places on the earth as lie on one 
particular line, which is therefore called, The Line 
of no Variation; and this line is found to change its 
ſituation by a ſlow motion, from eaſt to weſt. It 
now paſſes from the weſtward of the Cape of Good 
Hope to the Weſt-Indies. And the variation of the 
needle in all other places is known conſtantly to alter 
by a flow change. In England that end of the needle 
which has been ſuppoſed to point full north, de- 
viates from it now about 14 * degrees to the weſt- 
ward; and is fill, and alſo will for many years con- 
tinue to increaſe, even till it arrive at its Maximum; 
and then will decreaſe till it vaniſnes, and then 
change to the eaſtward, as it formerly was; and by 
an oſcillatory change will ſo continue to alter. 

1 his variation of the needle would no ways hin- 
der the exactneſs of the ſurvey, if it was conſtant; 
nor is the alteration of the variation capable of mak- 


* In the year 1749, the deviation to the weſtward was 
about 17 degrees. | | 


ing 
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ing any ſenſible error in a ſurvey that is performed | 1 
in a ſpace of time not exceeding four or five years. 
But if the quantity of the variation be not known, 
and conſequently not allowed for, the north point of 
the compaſs, which the ſurveyor draws on his map, ; 
will err as much as that variation is. It is therefore ö . 
convenient in all places to find it; and this may be 
done ſeveral ways: but by none more readily, more- 
eaſily, or more exactly, than by the univerſal dial, 
as now made by Mr. HEATH, the Inſtrument- 
maker mentioned before, the figure whereof is in the 
plate fronting the title. | „ 
This dial conſiſts of four principal parts, vix. 
the Foot or Pedeſtal, the Meridian, the Equinoctial, 
and the Bridge. | 
The Pedeſtal contains a box and a needle, and 
two croſs levels; whereby, with the help of the 
three ſcrews in the foot, it may be placed truly hori- 
zontal; and while the pedeſtal remains in the fitu- 
ation, the box and the circles of the inſtrument may 
be turned round to acquire a proper poſition of the 
meridian. The circumference of the box is divided 
into 360 degrees, and within this is another circle 
divided into- four quadrants, and each numbered 
with go degrees. On the plane of that part of the 
deſtal which is moveable are ſegments of circles, 
containing a table of the equation of time ; ſhewing 
the months and days of the month, together with 
the minutes which watches, or equal time-keepers, 
are too faſt or too ſlow for the motion of the ſun : 
And on the outer margin of this moveable part, is 
a Circle divided and numbered, either into 360 de- 
grees, or into four quadrants, containing 9o degrees 
each, beginning with o degrees, at two points dia- 
metrically oppoſite : This circle ſlides againſt the 
fixed ring of the pedeſtal, on which is a Vernier's | 1 
ſcale, (commonly called Nonius's) for obtaining _— 


parts of degrees, 
A e | The 
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The two ſcrolls which ſtand upright on the plane 
of the pedeſtal, and ſupporr the rings of the inſtru- 
ment, have fixed to them a ſtrong ring, whoſe plane 
is at right angles to the diviſion o degrees on the 
plane of the pedeſtal ; within this ring ſlides the me- 
ridian, on one {ide whereof are engraved the names 
of places, with their latitudes; and the other ſide 
is divided ds to four quadrants of 90 degrees each: 
To the upper part of the ring,” within which flides 
the meridian, is fixed an index, on which is a Ver- 
nier's ſcale, ſerving to ſhew the parts of degrees on 

the meridian ; and to this piece is fixed a ring, by 
which the whole inſtrument may be lifted. 

Concentric within the meridian is the equinoctial 
ring ; having on one fide the names of ſome places 
WI ith their latitudes ; on the other ſide the hours of a 
day, each divided into every ſecond minute; and the 
inſide of the ring divided in the ſame manner. This 
ring turns on two points diametrically oppoſite, 
fixed at the diviſions XII and XII, and the ſame 

dints are fixed on the inſide of the meridian ring, 
againſt the diametrical diviſions o and 0. The equi- 
noctial ring turning on theſe points, may be ſhut up 
within the meridian ring, or ſet at right angles to it, 
beyond which poſition it is not ſuffered to Yaſs, 
there being two pieces fixed to the meridian W ich 
ſtops the equinoctial ring when in the ſaid poſition. 

The Bridge is a ſtrait flat piece. ſo fixed to the 
meridian ring as to turn on two points in the direc- 

tion of the middle of the bridge, and oppoſite to 
the diviſions go and go on the meridian, On one 
ide of the bridge are the names of the months, with 
divifions to every ſecond day; on the other ſide are 
the ſigns of the Ecliptic, with their diſtances gra- 
duated to every ſecond degree; alfo the degrees and 
half degrees of declination, north and ſouth: and in 
the middle of the bridge is a ſlit, in waich is 42225 
a flidcy, with a hole in its middle. | 


When 


11671 


When an obſervation is made with this inſtru- 


ment, the latitude of the place counted on the me- 
ridian according as it is north or ſouth, diſtinguiſhed 


by N. and S. muſt be brought to the index at top ; 
the ſlider on the bridge muſt be brought to either 
the day of the month, the Sun's declination, or the 
Sun's place, and then it will accordingly ſhew the 
other two : The equinoctial circle muſt be thruſt 
out of the meridian, till it is at right angles to it. 
Then bring the beginning of the degrees on the ho- 
rizontal part of the pedeſtal to the index there : 
Turn the whole about upon the three feet, till the 
Sun ſhines equally on both faces of the plane of the 
meridian, the north part of the inſtrument being 
towards the north part of the world, and ſet the 

horizontal plane level. Then ſhall the dial be duly 
rectified for obſervation. - 


It may be readily known when the plane of the 
meridian is directed to the ſun's center, by holding 
a piece of clean paper behind the meridian, and ob- 
ſerving that the ſhade of the fore part of the ring 
falls juſt on the breadth of the inſide of the back 


Part and that the ſhade on the paper is of the ſame 


readth with the thickneſs of the ring. 
Now keeping the three feet in the ſame place, 
turn the dial about, till the ſpot of light paſſing 
thro? the hole in the ſlider, falls on the circle which 
is divided into hours, &c. in the middle of the in- 
ſide of that ring which repreſents the equinoctial; 
which will be among the morning hours, if before 
noon; and among the evening hours, if after noon; 
then will the dial ſhew theſe following very uſeful 
and pleaſant problems. 


I. The ſpot of light points out exactly the hour 


of the day. 
af M4 II. The 
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II. The circle repreſenting the meridian, lies 
exactly in the plane of the celeſtial meridian ; and 
ſo a thread ſtretched oyer either face of | it, draws a 
true meridian line. 


| II. The middle of the bridge points exactly ta 
the true poles. 


IV. The needle in the box ſhews the variation 
by the diſtance of its end from the beginning of 
the degrees there marked; and is weſtward, if the 
north 'end of the needle be to the left-hand of the 
beginning of thoſe degrees, but caſtward when to 
the right. 


V. The index on the horizon, points out the 
Sun's Azimuth, which is to be reckoned from eaſt 
or weſt, it the circle on the horizontal plane is di- 
yided into four nineties, 


VI. Turn the meridian about the plane of the 
horizon, till the Sun ſhines equally on both its faces 
as at firſt, the three feet ſtill ſtanding in the ſame 
place, and move the meridian towards or from the 
Sun, till the ſpot of light coming thro? the hole in 
that ſight which has the croſs hairs i in it, falls exact- 
ly on the little hole in the other light which will 
then he undermoſt; and the index in the Zenith, 
points to the Sun's altitude, am ung the diviſions of 
the meridian. 


By this inſtrument, may the poſition of any wall 
be thus found : Let a ſtrait broad ruler, whoſe ſides 
are parallel, be applied to a wall, on which a verti- 
gal dial is deſigned to be drawn, and the two feet of 
the dial marked A, A, be applied to the other 
edge of the ruler; then lex the dial be re&ified to 
the latitude of the place, with the day of the mon h, 

be 


110 

be levelled, and the upper part of the inſtrument 
turned about till the ſpot of light fall as before; then 
the index on the horizon will give the ſituation of 
that wall, uſually called by diallers, The declination 
of the plane. Or, if the ſun does not ſhine, apply 
the legs A, A, to the ruler, keep them in that po- 
fition, and turn the upper part about, till the north 
end of the needle points at the variation; and then 
will the index on the pedeſtal ſhew the ſituation. 

This curious inſtrument is of great uſe for the re- 
gulation of clocks and watches, by the help of the 
apparent time obſerved by it (as thewn above) and 
the equation of time engraved on the horizontal part 
of the pedeſtal. 11 

It is alſo a'very ready inſtrument for ſeating an 
horizontal dial duly : For after the apparent time is 
found by it, and the horizontal dial ſo ſeated, that 
it may be turned about, and till be parallel to the 
horizan ; then move it round, the ſun ſhining there- 
on, till it ſhews the ſame hour that the univerſal dial 
ſhews, and then it is truly placed, and may be there 
fixed to the pedeſtal, £730 | 

And becauſe the latitude of the place where the 
inſtrument is uſed, muſt be known, there is en- 
graved on the back ſide of the meridian, or the un- 
derſide of the pedeſtal, the latitudes of the cities. 
and moſt remarkable towns in England, and other 
parts of Europe. 

But if any gentleman pleaſes to communicate to 
the workman, the latitudes. of his country ſeats, 
they may be particularly laid down on it. 

Or if any gentleman about to travel, is pleaſed to 
communicate the tour he deſigns to take, he may 
have a catalogue of the towns in his way, and their 
latitudes, from Mr. HEATH, with the ini:rument, 
in order to eaſe him of the trouble of ſearching 


maps, globes, or geographical books. 
The 
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The variation of the needle may be found by the 
Theodolite, thus: Take the bearing of the ſun ex- 


actly at ja at noon, and the north end of the needle 


ves the variation. 

Or, take the bearing of the Sun, either at the 
time of riſing or ſetting 3 - and then, lay: As the 
fine of the complement of the latitude, is to the fine 
of the declination; ſo is the fine of go degrees, to 
the fine of the Sun's diſtance from the eaſt at riling, 
and from the weſt at ſetting; and is always ſouther- 


ly, when the declination is ſouth, and northerly 


when north. And as much as this diſtance differs 
from that obſerved by the inſtrument, ſo much is 
the variation : And if the bearing taken by the in- 
ſtrument be to the Jeft-hand of that calculated, it is 
welterly, otherwiſe eaſterly. | 

Or it may be found, by an horizontal dial, duly 
ſeated, without the ſun ; if you ſtretch a thread on 
that dial's meridian line, and the inſtrument placed 
near it, you turn the index about, till the teleſcape 
1s parallel to that thread; for then the bearing ſhewn 
by the north- end of the needle, is the variation. 


Beſide the preceding uſes of this univerſal dial, 
3t may, with a very ſmall addition, be applied in 
all reſpects as a Theodolite, or Circumferentor; 
or this dial may be aptly and eaſily mounted on a 
T heodolite, and be taken off at pleaſure. 

There is one inconvenience uſually attends the uſe 
of theſe inſtruments, which in this may be remedied : 
From about an hour before, to an hour after noon, 
the paſſage of the ſpot of light over the equinoctial, 
forms with it ſo acute an angle, that it is not very 
ealy to obſerve the point re it croſſes it; and, 
conſequently, the preceding problems cannot be lo 


exactly performed. And juſt at noon, the mik 
NC25 
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„„ ; 
nefs of the braſs ſhades the ſlider and bridge; and 
ſo no obſervation at all can be made. 
In this caſe, bring the beginning of the degrees 
to the index on the horizontal pa:r, and let the hour 
be taken by the inſtrument ſome time before, which, 
is remote from noon, whether before or after, on the 
board of the window of your ſtudy, where you de- 
fign to uſe it; the index all the while pointing to the 
beginning of the degrees. Lay a ſtrait ruler to 
touch the feet marked A, A; and by its edge, draw 
on the window-board a ſtrait line, or make two 
points where that ſtrait line ſhould be drawn: And 
then, at any time that is very near noon, by laying 
the ruler to the line or points, bringing the begin- 
ning of the degrees on the horizontal part of the 
pedeſtal to the index, and applying the feet A, A, 
to the edge of the ruler, as before; if you rectify 
the inſtrument to the latitude and day, you may ſee 
the true time either before or after noon; and juſt 
at noon, the middle of the under part of the meri- 
dian will be ſhaded by the upper ; and conſequently 
the time of noon, is known, and determined, whe- 
ther it be before or after noon. | 

If you are in a ſtrange place, and the time be very 
near noon, level the inſtrument, and turn it about 
till the north-end of the needle points at the varia- 
tion, and then it is duly placed, and you may work 
2s in the WR. | „„ 
Much more might be ſaid of this inſtrument's 
uſe, but my deſigned brevity will not permit me 
to enlarge any farther thereon, | 


The latitude of -a place may be found by the 
common Theodolite, thus: Turn the plate of the 
inſtrument ſo that it be in a vertical poſition, in the 
plane of the meridian, which may be readily known 
by applying to the platea ſtring and plummet; with 
this poſition, ſet the fixed ſights horizontal, either 


by 


1 

by a level, or by the thread of a plummet cutting 
the degree at right angles to the fixed ſights; then 
a.little before noon move the index ſo that the Sun's 
rays paſling thro? the hole in one ſight, the ſpot 
may fall directly on the middle line of the other 
fight; and the degrees cut by the index will ſhew 
the Sun's altitude at that time: As the Sun mounts 
higher, the ſpot will deſcend on the ſight, therefore 
keep the index moving ſo as to ſtay the ſpot on. the 
line, until the ſpot be obſerved to begin to riſe 
above the line, then obſerve the degrees cut by the 
index, and they will be the meridian altitude, and 
their complement to 90, will be the Sun's zenith 
diſtance; which on this ſide the tropic of Cancer 
muſt always be named ſouth. 

Now having the Sun's meridian zenith diſtance, 
and his declination taken from tables, the latitude 
of the place may be found by this 

Rull Ez. If the zenith diſtance and declina- 
tion have contrary names, their ſum gives the lati- 
tude ſought, of the ſame name with the declination. 

But, if the zenith diſtance and declination have 
the ſame name, the difference will be the latitude 
| fought, of the ſame, or a contrary, name with the 
declination, as it is greater, or leſs, than the zenith 


diſtance. 
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8 ECT. XVI. 


A Treatiſe on the Uſe of the Pantographia, or 

| Imitator, invented by HEATH and WING, 
Mathematical and Optical Inſtrument- makers, 
near Exeter-Exchange in the Strand. 


HIS inſtrument. conſiſts of Four rulers, two 
large and two ſmall : The two great ones are 
1 at one of their extremities by a joint, or 
centre, about which they are eaſily moveable. At 
the bottom of this joint is a little roller or caſter, 
whereon the inſtrument is to bear: One end of each 
of the two ſmall rulers are pinned near the middle 
of each great one, and the other ends faſtened by 
a joint, ſo that in what manner ſoever the inſtru- 
ment is moved, the four rulers always form a pa- 
rallelogram, having tqzo contiguous ſides about as 
long again as the other two ſides. 

The two longer, and one of the ſhorter rulers 
have each a box fitted to them, that may be moved 
and fixed to any part of the faid rulers, by means 
of a ſcrew fixed to the box. Theſe boxes have each 
a Cylindric hole, wherein may be altergately put 
three things; namely, a tracing-point, a port- 
crayon, that riſes and lowers of itſelf, according 
to the unevenneſs of the plane worked upon; 
and a fulcrum that ſcrews into the table, the top 
whereof is a cylinder fitting one of the boxes: 
This fulcrum is the fixed point round which the in- 
ſtrument moves, when uſed to copy with. There 
are alſo other caſters on which the rulers reſt, ſerving 
likewiſe to facilitate their motion. On theſe rulers 


are diviſions with figures, ſhewing where to place 
th. 


[ 174 J. 
the chamfered, or bevel edpe of the boxes, adcord- 
ing to the intended reduction. 

This inſtrument is convenient for ſuch who are 
converſant in the art of drawing, as well as for thoſe 
who have made but little progreſs therein; for with 
it may be nearly taken, with great caſe and ac- 
curacy, the copies of all manner of deſigns, whe- 
ther figures, ornaments, plans, geographic carts, 
and ſuch like, reducing them from a larger ſize to 
a ſmaller, or from a ſmaller to a larger. The re- 
ference in what follows is in plate VII, where the 
three boxes are marked by the letters A, B, D. 


To uſe the Pantographia. 


Firſt, Having determined the proportion that is 
to be between the original and copy, ſet the bevel 
edge of the boxes B and D to the diviſion expreſ- 
ling that proportion, there ſcrew them faſt, and fix 
the edge of the box A to the line C. 


Second, Seer the fulerum into ſome conve- 
nient patt of the board on which the opebatibii 1 
to be performed. 


Third, Put the fulcrum into the whole of the box 
B, the crayon into that of D, and the tracer into 
that of A, when the copy is to be leſs than the 
original; but when larger, put the crayon into A, 
and the tracer into D. 


Fourth, open the inſtrument fomewhat, ſix the 
original under the tracer, and clean paper under the 
crayon ; then, while a ſteady hand moves the tracer 
over the lines of the original, the crayon or pencil 
will draw the copy required. 


The 


The divifions or ratios thought proper to be 
placed on the rulers B and D of this inſtrument, 
are r, 7, 2, 33 5 75 5 3, 7 175 B and 4 
2. 35 I» 7, T, 5% 15+ +5» 125 ; theſe numbers 
denote the propoſed ratios between the copy and 
original; thus, if the copy is to be half the length 
and breadth of the original, the boxes B, D, and 
A, are to be ſet at the diviſions + and C; then the 
fulcrum is to be put into B, the crayon in D, and 
the tracer into A: If the length and breadth of 
the copy is to be + of thoſe of the original, the boxes 
B and D are to be put to the diviſions 43, the box 
A, remaining at the mark C, where it is to be ſer 
In every operation; the fulcrum to be put into D, 
and the crayon into B. And in like manner any 
other diminution, within the limits of the diviſions, 
may be readily performed. l 
When the copy is to be increaſed in any ratio 
expreſſible by one of theſe numbers, the boxes B 
and D are to be ſet to that number as before; the 
fulcrum put in B, the tracer in P, and the crayon 
in A; then the picture being put under the tracer 
D, and the clean paper under the crayon A, the 
copy may be taken as before. OLE 

When the copy is to be of the fame fize as the 
original, fix the bevel edge of the boxes B and D, 
to the marks +, and the box A to the mark C; put 
the fulcrum inzo the box D, the crayon into B, and 
the tracer into A; then will the crayon B move 
over equal lines and ſpaces with the tracer A, and, 
conſequently, delineate a copy equal in ſize to the 
original. Tn Fat 

And thus may any picture be accurately copied 
without damaging it in the leaſt ; for the tracer may 
be paſſed over the lines without preſſing on them, 
or even touching them : But that this buſineſs of 
copying may be rendered as perfect as can be de- 
fired, it will be neceſſary to be more circumſtantial 

in 
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in deſcribing the uſe of this inſtrument, particularly 
ſome appendages and cautions not yet mentioned. 

In plate VII. fig. 1. repreſents the plan of the in- 
ſtrument, with all the diviſions ; figure 2 is a per- 
ſpective view of it on a table, in the proper poſition 
for uſe. The boxes A, B and D are placed for 
reducing the original to one third of its ſize, or 
as I tO 3, ſhewn in the figure. The fulcrum I, 
ſcrewed into the table, is placed in the box B ; this 
fulcrum, as hitherto deſcribed, is fixed, but 8 
moveable one may te ſubſtituted in its room, as 
ſhall be ſhewn hereafter. 

Over fig. 2, the different pieces fixed to the 
rulers are ſeverally repreſented. The figures A and 
B repreſent the two boxes. E is the tracing point 
that fits in the ſocket N, fixed to the boxes A and 
B. Theſe ſockets has a little ſcrew O, ſerving to 
fix the tracing point when ſet in the boxes, at the 
proper height. 

Figure F is the tube for the port crayon. Gis 
the port crayon to be put into the tube F; it has a 
ſmall ſilken ftring fixed to ir, ſerving to raiſe the 
crayon or pencil, fo that it may not touch the paper 
while it is moving from one place to another, T his 
ſtring is thus uſed ; when the crayon is in the box D, 
paſs the looſe end through the holes in the upright 
pieces fixed at Z, &, ®. fig. 2; then taking the 
end into the hand holding the box A, the Crayon 
may be raiſed with the greateſt eaſe, whenever it is 


wanted, even while the inſtrument is moving. But 


if the crayon. is put into the box A, then the looſe 
end muſt paſs through the holes in the pieces 
X, 8, Z, and ſo to the hand, which in this caſe will 
have hold of the box D. 

The ſtring is repreſented in fig. 2. its length i Is 
always the ſame, however the boxes are placed, 
becauſe it follows the direction of the rulers, 


'The 


E 
The cup H above the port crayon G, ſcrews on 
its upper part, and ſerves to increaſe the weight of 


the crayon or pencil, making it preſs harder on the 


paper when neceſſary; this is done by putting in 
leaden ſhot, or any ſuch like weight. 

The little wheel, or caſtor L, that has a double 
ſlit or groove, x and y, is fixed to the ruler B by 
the under groove x, When the crayon is put into the 
box B. But if put into D, the caſtor or wheel I. 
then ſlips on the ruler D by the upper groove y. 
M is a wheel or caſtor to be put on the ruler A. 

The fulcrum, ſcrewing to the table, as mention'd 
in the foregoing deſcription, and repreſented in fig. 
2. being proper only to copy ſubjects of a middling 
ſize ; a moveable fulcrum repreſented by fig. P, is 
to be uſed when the picture is large. This fulcrum 
is a piece of lead of ſufficient weight to prevent its 
being diſplaced by the motion of the inſtrument. 
In the middle thereof is ſcrewed a pin K like the 
fixed fulcrum I. The figure R is a little collar, 
ſerving equally to either the fixed or moveable ful- 
crum, on whoſe pin it is put when either of them 
is placed at the box D: But is not uſed when placed 
at the box B, becauſe this 1s leſs d iſtant from the 
table. Little collars, of different heights, are alſo 
uſed in the ſame manner to K and I; the uſe thereof 
depending on the prudence of the operator, taking 
care that the motion of the inſtrument be performed 
with the utmoſt freedom. 

With this moveable fulcrum a picture or drawing 
of any dimenſion may be copied: For the picture 
being made faſt on any table or plane, the fulcrum 
muſt be ſo ſituated that a part thereof may be copied 
as far as the inſtrument can extend at that time. 
Then on the picture and paper mark three corre- 
ſponding points on each, to ſerve as references for 
finding the poſition of the fulerum in the copy, re- 


latively to what has been already drawn; _ 
p " =_ 
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the fulcrum towards the picture, and when the three 
points on each are found to correſpond, fix the 
copy in that ſituation with a little ſoft wax; then 
continue drawing as far as the inſtrument can ex- 
tend as fore, repeating this operation til! the 
whole is copied. 

The uſefulneſs of this moveable fulcrum is eaſily 
perceived ; for if towards the end of the operation 
both the copy and fulcrum ſhould reſt on the pic- 
ture, it would be no inconvenience as they no ways 
damage it. By this means allo the extraordinary 


length Of the rulers is prevented, which are gene- 


rally but of about two feet and a half ; a greater 
length would renger them inaccurate, becaule they 
wou!d then be more ſubject to bend and ſpring. 

It may happen, on account of the ſize of the 
paper, or otherwiſe, that the copy will not be in a 


Proportion to the original, expreſſible by any of the 
 divifions on the inſtruͤment; in ſuch cale a method 


mult ve found to do without, by placing the crayon, 
tracer and fulcrum in a pofition anſwering to the 
relative dimenſions of the original and copy, 

In order to which it is neceſſary to obſerve, that 
the fundamental principle, on which depends the ac- 
curacy in operating by this inſtrument is, that the 
fulcr am, Crayon, and tracer, are always to ſtand in 

a right line, in every poſition of the rulers , when- 
ever they are ſo, the copy will truly repreſent the 
original, By the following method it will be 
known it thofe three points ſtand in a right line. 

Let the fulcrum, crayon, and tracer, be included 
between a doubled thread, as in the figures marked 
„ 35 ſtanding under the inſtrument marke 
fig. 1: Hold theſe threads faſt at the mark 3, and 
if the —_— are not in a right line, the thread will 


be bent at the box D, marked 2; this box muſt 


chen be moved till the threads become. parallel, by 
tobching 
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touching both fides -of the three eplindorny which 
will then be in a right line. 

This principle be. ing obſerved in the poſit'on of 
the above- mentioned points, let there be g ven a 
picture or ite of any dimenſion to reduce to 
2 ſize that is no aliquot part or parts of the original; 
then operate in the following manner. 


Examine, firſt, if the given ſize is greater or 


leſs than half the original. 

When leſs, always place the fulcrum in the box 
B, the crayon in the box D, and the tracer in A; 
theſe points being brought to a right line as before- 
mentioned, run over with the tracing point A, the 
whole length or breadth of the original in a ſtrait 
line; then examine whether the line made by the 
crayon agrees with the ſize given. 

If not, and that the ſpace run enen by the 
crayon is leſs than the given ſize, bring the box B 
nearer to the line B on its ruler, and the box D 
nearer the line D on its ruler. 

If, on the contrary, the line traced by the crayon 
be greater than the given ſize, bring the two boxes 
B and D towards the junction Z of the rulers B 
and D; and, by trials, the proper extent will be 


found. 


be copied on any given ſize, without regard being 
had to the diviſions on the ruler. 

If the given ſize be greater than half the origi- 
nal, then the fulcrum muſt be placed in the box D, 
and the crayon in the box B. 


When the picture is fo large that the inſtrument 


cannot extend to its limits, then a third, fourth, &c. 
part may be taken, proportioning the parts of the 
copy to thoſe on the original; and working accord- 
ing to the foregoing directions, an accurate reduced 
copy thereof may de obtained. 


N 2 | To 


By this method, a drawing of any dimenſion may 
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To find the divifions on the legs 8 B, S D. 
Let the lines AB, AC, E G, GH, (fig. 4. 
Plate VII ) repreſent four rulers, ſo connected toge- 


ther, that in any poſition of A B, A'C, there may 
always be formed a parallelogram, whoſe ſides are 


H. HA. 


Nowif AC is . any fixed length, and the ra- 
tios of AE and ED AC be aſſumed, and 
through D be drawn the right line C D, meeting 


A B in B. 
Required the length of A B. 


Let AC AE: . Then A EE Ac. 


a 
AndAC: ED ::: m. Then E Dx AC. 
Now CF: FD:: E D: E B, by fimilar tri- 


angles. 
Or A CED; FD:;ED: : AB—AE. 


FD «x FD 
Then A BAE EBA TED: 


Put AC=r. Then AE= =; and ED==r. 


_— 


mn 4 3 0 1 
And 9 255 5e. Thereforp 
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, Therefore AB AB 2 1. 
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R AB = 1 Ae AC! 


2 


Alſo aB = _— when AC = = 


| If the l AE and ABto AC were aftumed; 
to find ED. | 

Then AB: AC:: EB: ED. | 

Or AB: AC:: AB AE: ED. 


E Let AB: AC? s:7, | Then AB = ZAC: 


s 


And SAC: AC:: A- Ac: ED. 


5 


5 L 
Or —r:r3% 
| a 5 


e. ED. 


9 Therefore ED = K =): — — — x7 
HenceED = = 1=——X ir, when AE=jAC. 


$2 Al EDI, b when A C . 


And hence the numbers in the following table 
wore found. Where E D in the firſt column, and 
AB in the third, are each compared to A C, their 
ratios being expreſſed by the numbers in thoſe co- 
lumns; and the numbers in the ſecond and third 
columns, are related to A C as the unit; AE being 
ſuppaſed equal to 4 AC. 


A TA- 


A TABLE for the divifions of the Pantographer; 
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When the ratio of the copy to the original is 
found in the firſt column, the tracer is to be in A, 
the crayon in D, and thefulcrum in B, if the copy 
is diminiſhed ; but, if increaſed, the tracer and 
crayon change places. 


And if the ratio of the copy to the original is 
found in the third column, then the tracer is to be 
in A, the crayen in B, and the fulcrum in D, if 
the copy is diminiſhed; but if the copy is to be 
Increaſed, the tracer is to be put into B, and the 
crayon into A. | 
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MATHEMATICAL, 
PHILOSOPHICAL, 


AND 


ii 
E e ENTS 
Maps and Sol p by 


HEATH and WTNG, 


Near adn e in the STRAND, 


LONDON. 


Se ecke teh h E cb ch 
INSTRUMENTS fr Geometry. 
| Drawing, &c. 


ARIETY of Pocket Caſes of Drawing 
Inſtruments, in Silver, Braſs, Sc. con- 
taining | 
Plain Compaſſes for meaſuring Lines, Cc. 
A Drawing 


[2] 

Drawing Compaſſes, with the moveable 
Points. 

Drawing Pen, either with or without a 
protracting pin, 

A Sector, either of Box, n Braſs, or 
Silver. | 

A Plain Scale. 

A Parallel Ruler. 

A Protractor of Braſs. _ 

In the beit Caſes the 8 are always 
made with Steel Joints, and the Nibs of all 
the Pens are made to turn up with a Joint, in 
order to clean them, in which are alſo ſome- 
times put a Pair of Hair Compaſſes, ſo con- 
trived on the Inſide of one of the Legs, that 
an Extent may be taken to an Hair's Breadth, 
and a Pair of ſmall Boxes for ſmall Circles. 

In a Magazine Caſe of Drawing Inſtru- 
ments is generally contained all the above 
Inſtruments together, with the following Par- 
ticulars: 

A Pair of ſtrong compaſſes, with Calliper 
and Cutting Points. 

A Pair of Beam Compaſſes for drawing. 
larger Circles. 

A Pair of proportionable Compaſſes of a 
new Contrivance. 

A Pair of Triangular Compaſſes, | 

A Pair of Quadrangular Compaſſes. _  - 

A Pair of Compaſſes with two Pair of 
Points, whoſe ſhorter Legs are, at all Open- 
ings, always. halt the Diſtance of the longer 
one. 

A 
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A Pair of Plot Compaſſes for meaſuring 
Charts. 

A tracing Point and long Feder. 

Elliptical Compailes for drawing Ellipſis 
or Ovals. 

A Bow for drawing curved Lines. 

A large Plain Scale, Sometimes theſe are 
A Plotting Scale, & all made in one In- 
A Protractor, ſtrument. 

Plain and Parallel Rulers of ſeveral Sizes. 

Bottles and Shells of Water Colours. 

Ivory Pallats for Indian Ink and Colours. 

A Pair of Gunner's Callipers of a new Im- 
provement. 

In theſe Magazine Caſes, Genes may 
have what Number of Inſtruments they think 


proper. 


RULES of all Sokrs. 


Carpenter's Rules, folding Rules, Cogge- 
ſhall's ſliding Rules for meaſuring timber, 
Scamozzi's Rules, Everard's liding Rules 
for Gauging, Leadbeater's ſliding Rule, Bre- 
mer's Rule, Malt Canes, Dimenſion Canes, 
Four Foot Gauging Rules with Joints, Five 
Foot ditto, Tape Boxes, Five Foot Rods for 
meaſuring Brick Work, Wainſcoting, Paint- 
ing, Sc. in a Walking- ſtick. 

Horſe Meaſures in Sticks or Canes, 


Az SUR- 


GIO ot 


4 ] ET 
SURVEYING INSTRUMENTS. 


A plain Table with Index and Sights, 
whereby the Draught or Plan i is taken on the 
A 
plain Tables, appel with an Index of a 
peculiar make, whereby the Line of Sights in 
viewing is always over the Center of the 
Table, which alſo is readily ſet over the Sta- 

tion Hole, the Station Lines are likewiſe drawn 
Parallel to thoſe meaſured on the Land, and 
the Table is ſet horizontal by a Spirit Level. 

Theodolites, for meaſuring Angles, Diſ- 
tances, Altitudes, Sc. Thoſe -Inftruments. are 
made yarious Ways; ſome being more ſimple 
and portable; others more accurate and ex- 
peditious. 

The Plain Theodolites, which conſiſts of 
four plain Sights, two faſtened to the Limb, 
and two on the Ends of tlic Index, with a 
Compaſs on the Index-Plate, divided into 
Degrees + ; and the Limb ſubdivided into Mi- 
nutes by a Nonius's Diviſion; the Whole 
upon a Ball and Socket, and that placed upon 
a three-legg*d Staff. 

Fhcodolites of the lateſt Improyments, by 
T. HeaTa. This Inſtrument has a Spirit 
Level affixed to the Teleſcope, and ampther, 
at Right Angles thereto in the Box ; 
Means of which croſs Levels, and the bet? 
of four Screws playing between two Plates 1 5 
the Braſs Head of the Staff, the Plate, or 

limb 


„ 

Limb of the Inſtrument, is readily brought 
to a true horizontal Situation; the Teleſcope, 
with croſs Hairs therein, turns on an Arch, 
fixed to the Index perpendicular to the Plate of 
the Inſtrument; the Arch is-of the ſame Ra- 
dius as the Plate, and the Teleſcope may be 
elevated or depreſſed thereon quite to a Qua- 
drant, or go Degrees: On this Arch are gra- 
duated the Degrees of a Circle, which are 
numbered from the Vertex either Way, with 
10, 20, Sc. and are cut by an Index under 
the Teleſcope, divided after Vernier's, com- 
monly called Nonius's Way, like thoſe on the 
Limb of the Inſtrument: Within the Degrees 
are two Lines, numbered with 10, 20, Cc. 
down to 100, and cut by the Edge of the In- 
dex, on the Right whereof is graved Eleva- 
tion, and on the Left Nepreſſion. Theſe Lines 
ſerve to ſhew the Altitude or Depreſſion of 
any Object in 100th Parts of the Diſtance at 
which rhe Inſtrument is planted to take the 
Obſervation; and are uſeful in finding the 
Height of a Tree; in the meaſuring of Tim- 
ber ſtanding; as alſo to find the Altitudes of 
the ſeveral Parts of a Building, in drawing 
the Perſpective Appearance thereof. 
Circumferentors, the principal Inſtrument 
for Surveying in the Weſt-Indies. 

Gunter's, or Four-Pole Chains. 

Off- ſet Staves. 

Water-Levels, of all Sorts. 

Artillery Levels. 

Gunaers Levels. 
Levelling 


© $61 

Levelling Staves. 

Plotting Scales. 

Sets of feather-edg'd Scales, 

Fair Scales. 

A new-improv*d Pantographa, for the ready 
and exact Reduction, or copying of Deſigns, 
Schemes, Prints, Sc. 

Pedometers, ſomething like a Watch; by 
which the Way way be meaſured in Walk- 
in 

. IL Wheels, for Surveying of 
Lands. 

Way-Wiſers, for Coaches. 
May-Wiſers, of a curious Contrivance, for 

Chaiſes. 

Gunners Quadrants. 

Surveying Quadrants, made of Braſs, or 
Wood, &c. 


NAvIGATION Inſtruments. 


Gunter's Scales. 
Sliding Gunters. 
Davis's Quadrant. 
Hadley's Reflecting G 
Mr. Smith's Reflecting Quadrant. 
Mr. Smith, Capt. e and Capt. 
Harriſon, improv'd. 
Azimuth Compals. 
The Common Azimuth Compaſs. 
Mariners Compaſſes, either for the Binacle 


or Cabin. 
Noct ur- 


. 
Nocturnals. a | 
Plane Scales. | 
Sinical Quadrants. 
Teleſcopes of a new Contrivance, with fix 
Glaſſes, | 
Teleſcopes for Day or Night. 
Proſpect and Spy Glaſſes. 
Navigation Books, and Charts, 


IN STRU MENTS, for ſhewing the 
Motion, Attraction, Weig bt, and Fowb- 
 brio of Bodies, Se. 


A Machine, and Glaſs Planes, for the 
Drop of Oil of Oranges. 

Two Planes in a Frame, to be ſet in a Vef- 
ſel of tinged Liquor. 

Capillary Tubes, and Apparatus. 

A Strong Ballance, graduated, for explain- 
ing the Properties of Leavers; in which the 
Power, Reſiſtance, and Point of Suſpenſion, 
are moveable, and may be readily placed in 
any given Proportions, 

An Inſtrument and Apparatus for three 
Leavers. 

An Axis in Peritrochio. 

A Double Cone, that runs up an inclined 
Plain; which is two Rulers ſo diſpos'd, as to 
be inclin'd to each other, and to the Her e 
which double inclination may be varied as 
the Experiment requires. 


A 
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A little Carriage, and its Appendages, for 
ſnewing the Advantages great Wheels have 
over little ones; and that in all Sorts of Roads, 
as Clay, Gravel, Sand, Pavements, Sc. 

A Glaſs Globe, fixed to a double Axis, 
which may be whirl'd with any Degree of Ve- 
locity, both in a vertical and horizontal Di- 
rection. 


INSTRUMENTS for wn on 
Motion, Meigbt, and Equilibrio of FLUIDS, 


A Trough lin'd with Lead, with a Cock, 
for ſeveral Hydroſtatical Experiments. 

Several Tubes, bent in different Forms. 

Hydroſtatical Bellows. 

A Glaſs Tube, with a Bladder fix'd at one 
End. 

A Glaſs Bucket and Wooden Cylinder. 

A Hydroſtatical Ballance, of a new Con- 
trivance. 

An hollow Glaſs Ball, with a Cock to 90 
to prove that Water weighs Water. 

Areometers, or a Liquor-Proof of Glaſs. 

Hydrometers, of Brafs or Copper. 

A Cylindrical Glaſs Veſſel, and hollow 
Images in Glaſs, that may be moved by Com- 
preſſion, without Ad perceived by the Spec- 
tcators. 


A Model of the Diving-Bell, and Appa- 
ratus. 
' A 


1 91 


A Common Syphon, and others of ciffe⸗ 
Kit Forms. 5 
A Double Syphon. „ dr 
5 As Syphon, SEE Peer ate moveable by a 
vine, | is 
A Tantalus Cop, of ſeveral Haſkiohs: Me 
| Glaſs Models of "Sucking Moms, Fh os hoge 
1 Forcing the Beach of Fire-Eu- 
amd Lifting] Ss 
A large Fountain by dompreftt. air, with 
Variety I Jet d' Eaux; to which alſo may be 
applied an Apparatus for ſnewing the various 
Curves that are made by Projectiks. 


| INSTRUMEN 1 075 Pneumatical 
| _ Experi? eſe: | 


A mall ſingle Barrel Air Php e. 

A large double Barrel, ſanding, "A tall 
Air-Pump, and Apparatus. } 

A double Barrel I able Air- EWA 

An A pparatus for the Ypirits of Fire 1 in the 
Vacuo. 

A Double T kalsterer, for communicating a 
Vacuum from one Receiver to another. 

Two Braſs W with a Stop-Cocx 
and Rings. 

A. Wind-Gun, with a condenſing Syringe 
in its Stock, having a Magazine of fix Balls, 
from which one Ball dt a Time may be put 


into the Barrel, without letting the air eſcape ; 
'F B and 


| 4-7 6 * 

and one charging it with Air is ſufficient fo 

the Diſcharge of all the Balls, 
Capillary Tubes of various Sizes. 
Thermometers tor of Spirits of Wine, 


| creaſe . Sir Ifaac Newton 
meaſuring the Incr n 


| orDecreaſe of theHeat by Reaumers, 
and Cold of the Air, J ite, ke. #6. 


30 454313 parpurng | 
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„mano of all Som | 7 op 
An Apparatus for an artificial Storm. 


OPTICAL Ins TROUMENTS, 


Spetacles g round on Braſs Tools, ſet in 
Silver, Tortoifeſhell, Horn, Cc. 

Reading Glaſſes, ſet in Variety of curious 
Frames, 

. Concaves for ſhort-ſighted Perſons. 

Proſpect Glaſſes of all Lengths. 

Opera Glaſles. 

Diagonal Proſpe&s. 

Teleſcopes of all Lengths. 

Newtonian Reflecting Teleſcopes. 

Gregorian Reflecting Teleſcopes, 
; Microſcopes, Wilſon's. 

—————— Opake. 


wo 


— — Double. 


* Solar Apparatus to ditto. 
Camera Obſcurats of all Sorts, 


8 


IN- 


tu 


, INSTRUMENT 8 * Wipers 
„ Lig Its and Colours. — 


An Helioſtata, or Machine for directing the 
Sun's Rays into a dark Chamber, which of 
itſelf directs the Mirrour in a proper Manner, 
to caſt the Rays in the ſame Line for ſeveral 
Hours together. 

Solid Glaſs Priſms, mounted on Feet, by 
which Means they may be raiſed, depreſſed, 
inclined, or turned upon their Axis. 

Priſms of ſolid Glaſs, not mounted. 

Several Glaſs Lens, mounted in Frames, 
on Feet. 

A large Paper Screen for Experiments on 
| the Priſms, and the Solar Microſcope. 


Concave { Mirrrours of all Sizes. 


Convex - 
Cylinders, . 
| I Cones, with deformed Pic- 
Metalline Pyramids,] tures 
Octagons, .. 


Magick Lanthorns. 
1 Pictures to ditto, 


INSTRUM ENTS, Ge. for Experiments 
on Elericity, &c. 


Natural Armed Loadſtones. 
Artificial Loadſtones. 

A Compaſs Dial. 

pol B 2 


1 

A Long Needle, in oblong Box. 

A Sea Compals. 

A large Glaſs Tube, open at both Ends, 

Another that may be exhauſted. 

A Glaſs Globe for Whirling. 

Another that may be exhauſted, and ap- 
plied to the Whirling Machine. 
Glaſs Plates. 

Several little Stands. 

A ſolid Stick of Sealing-Wax, of proper 
Length. 

A Tube of ditto. 

A Stick of Brimſtone. 

A Cone of ditto, covered with a Glaſs, 

A little Amber Ball, and another of Coral, 

Several little Ivory Cups. 
P A Metal Pyramid for the Communication 
of Electricity. 

A Suſpender, furniſhed with with Ribbons 
of different Colours. 

A Cake of Roſin and Gum Lac. 

A very ſtrong Packthread String, with Bells 
for communicating Electricity. 

Silken Lines for the ſame Purpoſe. 

Inſtruments for Aſtronomy, Geography, 
Sc. Globes, cœleſtial and terreſtrial, of all 
Sizes, neatly fitted up, vg. of 3, 9, 12, 17, 
and 28 Inch Diameter, from the lateſt Ob- 
ſervation. 

Armillary Spheres, of any Size. 

Large Aſtronomical Quadrants, fiated with 
a Teleſcope for taking the Declination of the 
- Sun, Nn. and Stars, in e Meridian, 
5 Tranſit 


* 


* 
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Tranſit loftruments, for determining their 
igkt Aſcenfions. 

Equal Altitude Inſtruments. 

J eleſcopes fitted with a Micrometer. 

Helioſcopes, or Inſtruments for obſerving 

he Spots in the Sun. 

Meridian Teleſcopes, for correcting the 
Motion of a Clock or Watch. 

A new Univerſal Sun-Dial on a Pedeſtal. 

F orizontal Sun-Dials, of various Kinds. 

Sutton's or Collins's Quadrants, 

Gunter's Quadrants, &c. | 

Two Hemiſpheres on the Plahe of the 
Ecliptick, containing all the Stars in Mr. 
Flamſtead's Catalogue. 

Orreries, or Planetariums, 12 Inches Dia- 
meter, which ſhews the Motion of the Earth 
and Moon about the Sun. | 

Orreries about two Feet Diameter, which 
ſhews the Motion of the Earth and Moon to- 
gether, with the Inclination of the Moon's. 
Orbit; the Retrogradation of the Nodes; 
the annual and diurnal Motion of the Earth, 
and Motion of the Sun round his Axis, Se. 

A Planetarium, about two Feet Diameter, 
with all the Motions of the laſt Number, and 
the Addition of the two Interior Planets, Mer- 
cury and Venus, the former having its annual, 
and the latter both its annual and diurnal Mo- 
t oas : By this Inſtrument the Situation of the 
Plane's, with Reſpect to the Earth at diffe- 
rent | imes, as they appear direct Stationary 
ui Recrograde, are plainly vilible; as is alſo the 


Fefe 
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Eclipſes of the Sun and Moon, and the Vi- 
ciſſitudes of the Seaſons, Sc. 

A Planetarium of two Feet and a half Dia- 
meter, with all the Properties of the two fore- 
going Numbers, and the Addition of the three 
Superior Planets, Mars, Jupiter, and Saturn, 
with their annual Motions, 

A Planetarium of about three Feet and a 
half Diameter, handſomely ornamented, con- 
taining all the Particulars of the three forego- 
ing Numbers, and the Addition of the diurnal 
Motions of Mars and Jupiter; together with 
the Motions of all the Secondary Planets 
round their reſpective Primaries, in their pro- 
per Periods, c. 

All the Planetary Machines are ſo con- 


ſtructed, as to render all the Phœnomena (they 


are intended to demonſtrate) very eaſy and in- 


| telligible. 


The famous Glaſs- Sphere of the Rev. and 
Learned Dr. Lord's Invention, which exhi- 
bits, at one View, both the real and apparent 
Motion of the Heavens. 

N.B. Moſt Money for all Sorts of Mathe- 


matical, Philoſophical, and Optical Inftry- 


ments. 
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